
NOTICE: 
“BEST AVAILABLE COPY” 

PORTIONS OF THE FOLLOWING 

DOCUMENT ARE ILLEGIBLE 

The Administrative Record Staff 

- 





RFP-INV-I 0 

COMMITTEE EVALUATION OF PLUTONIUM LEVELS IN 

SOIL WITHIN AND SURROUNDING USAEC 

INSTALLATION AT ROCKY FLATS, COLORADO 

J R Seed, Chairman 

K W Calkins 

C T lllsley 

F J Miner 

J B Owen 

THE DOW CHEMICAL COMPANY 
ROCKY FLATS DIVISION 

P 0 BOX 888 
GOLDEN, COLORADO 80401 

Prepared under Contract AT(29-1)-1106 
for the 

Albuquerque Operations Office 
U S Atomic Energy Commission 



RFP-INV-IO 

A C K N O W L E D G M E N T S  

The committee would like to acknowledge the technical asustance of  M R Boss of 
Rocky Flats Health PhysicsGroup and D D Hornbacher R W Loser R N Chanda 
and D E Michels of the Rocky Fiats Research and Development Croup I t  would 
also llke to express appreciation for the editorial dssistance of G A Riordan and for 
the assistance rendered by the Rocky Flats Illustrations Department 

U 



RFP-INV-I 0 

C O N T E N T S  

ABSTRACT 
P A R T  1 Status 

1 

3 
4 
5 
6 

7 

8 
9 

I O  
I I  

12 
13 

-i - 

PART I I  

PART 111 

Introduction 
Assessment of Potential Hazard 
History of Plutoniuiii Contamiiiated Oil Druni Storage Area 
Atomic Energy Commission Contacts 
Review of Current Analytical Methods for Plutonium in Sod 
Significant Pertinent Information trom 

Previous incidents of Plutonium Contaniination 
Results and Evaluation o f  Rocky 

Flats Plutonium Soil Sdiiiple Analysis 
Current Radiation Levels in the Oil Stordge Area 
Soil Stabilization 
Possible Options lor Disposition of Plutoiiiuiii Contaminated Soil 
Estimate of the Cost of Removal of 

Plutonium Contammated Soil Under the Asphalt "Pad 
Rocky Flats Current Health Physics bnvironmcntal Sdmplmg Plan 
Continuing Research Support at 

Rock, Flats on tlic Study of Plutonium in Soil 

Recommendations 

Appendices 

Appcndix A Geolop 01 Rochv Flats Pldiitsiic 
Appendix B Analvas o! HAS1 D J ~ J  
Appendix c soil Contamination and Asphdlt Pad 
4ppendix D Simplified Conversron S c d e  and Table for the Various Units L e d  

Appendix E. Trip Report 
in the Litcrature to txpress the Levels o! Plutonium Contamination in Soil 

iv 

I 

1 
3 
5 
9 

I O  

14 

17 
30 
34 
45 

46 
47 

49 

so 

51 

A 1  
B- 1 
C- I 

D- 1 
El 

J 

UL 



A B S T R A C T  

RFP-INV-IO 

On August 19, 1970 ;L committee was appointed by Lloyd M Joshel General Manager 
of the Rocky Flats Divlsion of Dow Chenlical U S A , to assess the long term potential 
hazard of plutonium contaminated soil under and around an asphalt pad at Rocky Flats 
The committee was also to  make recommendations for disposition of the contammated 
sod The arcd covered by the asphalt pad had been used as an outside storage area for 
plutonium contaminated oil drums This report contams the essential dormation 
relating to the evaluation The evaluation indicated that there is no health hazard associ- 
ated with the levels of plutonium soll contamination found in the vicinity of the asphalt 
pad The report reviews the pertinent published literature and presents the results of 
research initlatcd in support of thr investigation 
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COMWITTCE tVALUAT104 O r  PLUTOYIU\l LEVELS Ih SOIL WITHI\ \XI) 
SURROUNDING USACC INSTALLATION IT ROCKY FLATS COLOR4DO 

PARTI STATUS 

1 INTRODUCTION 

In J u h  1%8 at the USAtC Rocky Fldts Installation an 
area o i l  the plant site WJS dcsigiiated JS J tcnipordry 
storage area lor Lontaininated oil drums Subsequently 
some 01 the drums developed oil leaks and some plu 
toniurn contaniinatcd oil was deposited on the soil The 
area W J ~  later ccivcred bv an dsphdt pad 

A Cuiiiiiiiiirc WJS appuinfcd b\  Llovd ht Joshcl Gciicrdl 
M J n q c r  ot tlic Kochv F l ~ t s  Division ol Ihnt Chcni id  
U S A 011 4ucust 19 1970 to m e s s  the long ierm poteniiJl 
hdtard Jnd iiiJhc rccominenddtions lor disposrtiun 01 the 
plutonium contaminated soil under and around thc dsphall 
pad, which covered the area that had served as an out 
door plutonium contdminated od drum storage area 

Members 01 the committee assembled over 3 000 pdgesof 
pertinent published literature Contacts were established 
with personnel throughout the AEC complex having similar 
problems and responsibilities (plutonium in soil) 

In general the Committee assembled and studied reports 
concerning 

I Rochy Fldts historiLd intoriliation on the oil drum 
StordgC JIC J 

2 The HASL Kepori on Pluroiiiuni 111 Soil Aroitnd rhc 
RcwAI FlarsPlant, August I 1970 

3 Colorado Stdtc Dcpartsient ol Hcdlth soil survey datd 

4 A CCt l  rcpori bv k A Martell entitled Report on the 
Dow ROLL\ Flats Fire Implications 01 Plutoriium 
ReleJscs to thc Public Health dnd Sdtety ' Jdnuary 13 
1970 

5 The PJlOlllJrCS Accidc- 

(3 Thc Thrik L i d c n t  

7 OpcrJtion Plumbhob 

8 Oper.ition Roller ( o r l s d r  

9 soil andh t i c d l  tcchniqm 

IO  Techniques lor plutonium removal from soil and 
contamindtcd soil disposition 

1 I Plutoniuni bioIogica1 assimildtion data 

12 U S and other governments' recommended lvnits for 
plutonium con tamination 

13 Techniques for soil stabdudtion 

14 Radiation survey instruments whose sensitivity and 
discrimination allowed for detection of plutonium- 
surtace contamination 

1 
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Spedic programs were initiated to evaluate the plutoiiiuni 
contamindtion data available from HASL dnd C C t l  reports 
as well as the soil analysis data being collected by the Rockt 
Flats Health Physics Department Action was initiated io recently proposed standards These standards were used 
core wmple and analyze the soil covered by the asphdlt 
pad Action was also initiated to evaluate soil s t a b h a t i o n  
techniques Contacts were established with sonie ot the 

The conimitiee direLted special attention to contammation 
siandards IhJt  had been used in previous incidents of 
plutonium contamination in sod particularly the most 

in assessing the potential consequences of the level of 
plutonium contamination origmating from the Rocky 
Fldts oil drum storage ared 

2 



2 ASSESSMENT OF POTENTIAL HAZARD 

A reasondbl) thorough reading 01 the literature Jvaildblc 
on biological dssundation redistribution deposition and 
effects does not reveal any health hudrd associatcd 
with the levels of plutonium sod contamination found in 

the vicinitv of the asphalt pad There are unanswered 
questions relative to  high LET radiation associated 
w t h  low level internal exposure This is an area of 
radlation research which is being actively pursued by 
Los Alamos Scientific Laboratory, Battelle Northwest 
Lovelace Foundation Lawrence Radiation Labordtory 
the University of Utah, and the Universitv of Rochester 

The standards that have been used for plutonium soil 
contamination are based on sets of assumptions including 

Country 

United Kmgdom (Dunater) 

United Kmgdom 

Czechoslovakia 

France 

Poland 

South Africa 

United States ICC 

U S S R  

United Stater(c) 

RFP-INV-I 0 

rcwpcnsion J J I J  And d n  acceprdhle rith of I 5 R C M h r  

standdrds h d s c  hccri rccomrnendtd in the past diwster or 
cmcrgeiicv s i tudt ions  have nor used specific guidelincs 
but rdthcr 3 process 01 iudi~ious decision making ' 
hdS bcen emplovetl The main guideline for the "judicious 
decision mdhing has been to rnaintam an "actual dose 
JS nedr zcro 3s possible This ' lreedom" of interpretation, 
however, IS shortly coming to dn end It is this Lornmittee's 
opinion that the last data in the following table have been 
reasonably developed are realistic. and have a high 
probabditv o f  being adopted bv the USAEC for plutonium 
in soil The assessment of hazard and our recommended 
actions should be conustent with these interim recom 
mended standard\ It should be noted that the "contour 
lines ' established usmg the HASL Report 235 data 
dnd the data from the CCEI report. as well as the datd 

Ic l  t h C  JdLllt pUlIllOrlJn lUI11ph n c l d C i  4 t h O U f h  SpCclllc 

MAXIMUM PERMlSSIBLt ALPHA CONTAMlNATlON 

9Ci/ma 

0 1  

0 1  
I O  

0 I I  

0 1  
1 0  

0 1  
i o  

0 1  
i o  

0 01 

0 0 1 s  
0 002 
0 006 

004  
0 4  

4 0  
40 0 

100 

IO0 
000 

1 I O  

100 
Do0 

100 
1000 

100 
1000 

2 0  

i s  
4 

6 

40 
400 

4000 
40000 

22 2 

22 2 
222 

24 4 

22 2 
2 21 

22 2 
221 

11 2 
222 

4 44 

3 33 
0 444 
1 3 3  

8 8  
88 

888 
8888 

Remarks 

Widespread areas contaiminatcd w t h  plutonium 

"Inactwe areas " 
"Active ueas  ' 

Workplaces after decontamination 

Equipment and workplaces in "inactive" u e a s  
Equipment and workplaces in 'ac1we"areas 

Labs restricted to using 100 JI Ci or less 
Labs permitted to UK more than 100 j~ Ci 

Body. personal clothing. inactive areas 
Equipment and workplaces inside controlled ucas  

Intentate Commerce Commtssion (Dcpt of TNnrpOrtatlOn) 
pertains to in tmor  of vehicles previously used for  tranrpor 
tation of mrtcnrlr 

Work clothing and rurfaca before cleaning 
Handr and w r k  underclothing before cleaning 
Work Surfaca after cleaning 

Urban ruburban. recreation ueu 
Rural truck farmin#. annual food crops. grating land 
d k h e d ,  etc 
Rural deep root perennuls (e g nuts. certam fruits) 
Remote or Controlled desert. forest. fenced or limited 
acceu areas 

'*)Units u r d  u1 HASL report No 235 
@)Units used by Rocky Rata in reporting mil andyus (in mod cues a specific gravity of one (1) w u  a w m e d  for convedon of units 
(C)Recornmended at an international Symposlurn on Ra&ological Protection of the Public in a Nuclear Mas Disaster (June 1968) 
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obidined bv the Rochv FIJIS Health Phvsic\ Dcpdrtincnt 
show values in excess 01 the reconaicndcd liiiiits cxteiiding 
beyond our propcrtL hounddries 

Other significant regulations that should be considered in 

assessment of hazard are 

1 Criterion 1 of IO C F R  140 84 (Financial Protection 
Requirements and Indemnity Agreements) which con 
siders surface contammation values above 0 35 pCi/m’ 
(77 dpm/Fm’, 350 mCi/km2) ober 100 m2 of property 
as the minimum level of transuranic radio nuclides that 
would comprise a substantial discharge o f  radioactive 
materlal from its intended place of confinement 
In the HASL report there are contour lines extending 
beyond the plant boundary that show plutonium con- 
centrations in excess of this value 

A Colorado State Board of Health Regulation 
should be considered 

Radiation Regulation No 3 

Requirmg stabillzation of uranium and thorium mill- 
tading pdes Thls regulation applies to all uranium and 
thorium mill tading piles and could be interpreted bv 
the courts to apply to our radioactive “pile It states 
that all such pdes “shall be stabdlzed against wnd and 

water erosion 
might be ttmplo\ ed such as concrete petroleum products 
C I L  so as to ensure proper protection from wind and 
water erosion &-cess to the stabilized area shall be 
controlled by the operator or owner ” 

I t  stdtes that any reLognized technique 

Although the plutonium contamination of soil in and 
near Rocky Flats can not be considered a “mdl tailing 
pile.” this Regulation gives an indication of the State’s 
thinking m a somewhat analogous situation 

Initial estim3tes mdde by RoLky Flats Manufacturing 
personnel based on total number ot leaking barrels and 
average plutonium concentration in  the oil led to a value 
of approximately 85 grams total plutonium deposited in 
the sod beneath the barrels 

Making use of a11 the sod analysis data, one can calcu- 
late an estimate of 7 6 grams over 5 63 km’ (1,393 acres) 
outside the plant boundary down to the 13 mCi/km2 
contour The authors 01 the HASL 235 report estunate 
between 2 6 and 5 8 Ci off AEC property (38 to  85 
grams Rocky Flats plutonium) 

After taking all aspects into consideration the committee 
concludes that additional land should be purchased as 
proposed separate]) 
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3 HISTORY OF PLUTONIUM CONTAMINATED 
OIL DRUM STORAGE AREA 

Fioiii ilic hc~inning ot opcratioii\ ol ihc Rochv 1-1 I I \  

iiiatcrids wcrc generated in v.iiio(i\ ~ 1JnU l J~~ t i r i i i ~  opcrJtioiis 
In the initial design of thc f.~cilitics vcrv Iittlc attention 
WJS given to this pdrticul.tr rddiodctivc WJSIC problciii Tlic 
volunics were vcrv low and i t  hJd bccn dssuiiicd t l u t  this 
toriii of conuiiiinatcd WJ~IC Lould he eitlicr hurncd o r  
pdckdgcd in some nimiicr diid hipped lor burial .is wcrc 

Flats opcration soinc urdniuiii contJinindtcd oil W J ~  buricd 
and some incinerated In 1057 a sinall quantiry ol urJiiiuiii- 
contdiiiinated oil WJS shipped to the Idaho hurial site hut 
shipiiicnt ol Loiitmiinatcd liquid WJSICS WJS not coiitinued 

PIJllt <)?yf l lL  llqUldS cOll~JIl1111 l l C d  Will1 IJdlO.lLllVL 

thc l(lW kvC l  solid WJSICS 111 ihc LJrtV d.Ws 0 1  thc R O L ~ V  

Cliangcs i n  wcJpons design and in iiiJnul,icturing proccsscs 
significdiitlv incrcascd tlic Jiiiouiit of contmindtcd oils 
bciiig pencrJtcd This p.irticulJrlv signil icmt in the nidiiu 
facturiiig of plutonium coiiiponciits Thc problems 01 
perniancnt disposals dnd ol SIoragL of Ilic iiicreJsing 
quantities gcneratcd wcrc ic~ogni/cd in IOSO 

As J result ol onc stud) tlic I' 111 IV addition (coiiipIctLd in 
1957) t o  thc plmt included J liipli spced ccntrilugc in 
Building 770 t o  proccsc pltitoniiini contaiiiiiidicd org~iiic 
liquids Tlic operalion WJS diuppointin? ~ i i d  rcwlicd 111 I 

recommcndJrion nladc In lc)s8 t h ~ l  a \tlbj1lfti!c proccSs hc 
dcvelopcd lor dispos~l Thi\ ~n~ccli~dtioit H J \  iilitidtcd 
iinrncdidtel\ h\ thc Tcclinic 11 51~11 prcdcccwir 01 tlic 
cxisting Kccc.trcli dnd Dcvclopnicnt Org.mi/.ttion J I  k i d . \  

Flats ( ~insidcr~blv iiiorc coiiiprclicnsivc thdn rhc cJrlicr 
studies thc proccsscs invcstigJicd l o r  dispo\~l I I ~ C I U ~ L ~  
distilldtion ~ t ~ ~ i i i  stripping ion cxchdncc liltr,itioii 1011 

exclusion evaporation solvrni cutrdclion Jnd oihci 
dpproJches 

me outside plutonium contdniindtcd oil drum StorJgC 
area was first estdblishcd in Julv 1058 

Most of the drums transferred to the field were nominal 
55-gallon drums but a significant number were 30gallon 
drums Not all were complctely full Approxunatcly threc- 
fourths of the drums were plutonium-contamindted whereas 
most of  the balance contained uranium Of those contaming 
plutonium most included lathe coolant consisting of a 
straightchain hydrocarbon mineral od (Shell Vitrea) and 
carbon tetrachloride in varying proportions Other liquids 

w r c  i r i k o h c d  Iiowckcr inCluJin~ II\ IrJiiI ic oil, VJ~1111111 

p I o 1 p  t u 1  I r ic I I lortx i  tit tc i i t  p c r ~ l ~ I u r ~ ~ ~ i l ~ ~ l c i ~ ~  \ i l i ~ o i i L  

OJj\ d c c t o i i ~  \id1 hc#tioiiis r ' l ~  Ori~iiidll\ cor i fLi i r$  ( 1 1  i 1 t L  

drums wcrc indicated on the outside but some 01 these 
mdrkings hecdinc tllcgiblc through wedthcring Jnd adequatc 
records were not kept of the specific contents of each 
barrel Leakage of the o i l  w.ds recognized early and in 
1959 ethanolamine was added io the od to reduce 
the Lorrosion rate of the steel drums 

Development work on J potentidl proLcss to dispose and/or 
reclaim the mdtcrids continucd As a result ot the dcvclop 
mcnt studies which had bcen initiated however J recommend 
JtiOn was issucd in Ileccmber of 1959 that J stdl be con 
structcd lor the separation purilication. and reuse of thc 
cdrbon tctrdch~ortde and the Shell Vitrea A process design 
was torwarded to P h i  tnginecring The process wds set 
up in Building 77 I Because ot time and funding problems 
surplus SIJIII~CSS steel equipment wds used On May I 5  1960 
tcst runs on this cquipnient were begun and shortly Jfterwdrd 
drums of currcntly gcncrdrcd o i l  iopther with some trans 
ierrcd Iroiii tlic I'iclci wcrc proccssed throu& the system 

Concurrcntly processes to disposc of the still bottoms from 
this operrtion and of other liquids wcre being pursued with 
incineration receiving the most favorable attention In this 
svsfeni the waste heat would be utilized to evdporrte dqueous 
wastes which were dIS0 beginning IO be d problem 

At icr ~dditicin~l dcvelopnicnt worh IO solve thc corrosion 
Jnd d i c r  problciiis .I rLviscd design W J S  submitted to 
kngiiiecring in Dcccrnbcr 106 1 Tlic prwcss WdS included in 
thc project Additiondl Processing Facilities Contract 
AT(?) 2) - 1298' which was dn expansion of the plutonium 
chcmicd opcrdtion During this period development of a 
sludging process for disposing of the stdl bottoms and other 
wastes by mixing with an activated silic~ was also completed 
In June 1063 dccision WJS mdde to deletc the CCI, still 
and other fedturcs from the expansion project because of 
tunding problems Bccause of this, the design capacity of 
the sludging process was increased IO provide for processing 
all contaminated liquids and funds for this pro~ect-based on a 
niixcr-cxtruder system called the "Jelly factory' were requested 
Installation of the mixer-extruder svstem was complcted in 
Janudry 1964, but start-up work revealed major deficiencies 
which required extensive modification in the lnstallation 
Thesc modifications were not completed until late m 1965 



Alter iiiorc st.irt up prohlciiis thc IlIlJl ~ I I J S C  o f  ciiiptytiig 
thc drum field bcgan on January 23, 1967 Bv tliis tiiiic thc 
field contained Jbout 5 240 drums Of Which J}l}~roXlilldtC~y 
7 570 coiltJlncd plutoniuiii conl~iiiiiiation Tlic oldcst druim 
Jnd tliosc coiit.miing pliitoniuiii wcrc proccsccd lirst To the 
best o f  our knowledge tlic IJS~ ol tlic plutoiiiutii ~ i ~ i i t ~ i i i i i i a t c d  

oil was rcnioved on January 15 1%U Tlic last 01 tlic ~irariiuiii 
contaniinatcd oil was rrJiislcrrcd to J ncw driiiii 1111 M IV IX 
196U and diippcd to thc dispos~l  plJIlt iii Juiic I')h% 

Orignal est iiiiJics ol pluioniulii conicnt h.td itidicatcd that 
tlic pluioniuiii hcaring druiiir avcrqcd Jhoiit 4 5 crJiiis o f  
plutoniuiii pcr  druiii Tlic i i iatcril  halancc 1 1  tcr prtussing 

O f  tlic plutoiiiuiii found only 504 grdiiis werc rmovcrcd 
2471 piJiii\ w i c  proccsud uitli ilic o i l  iiid 5 152 ciJiii\ 
rcn1JIIlLd 111 llle clllpllcd ll111111\ 

hoWCVCr Sllt)WCd fhJ l  ICs5 tl ldll  hdlf thl\ J l l l ~ l U l l ~  WJS IlrCSCnt 

J u h  

JJnudn 

Januarv 

First dniiii IcJkagc d ~ ~ c i v c r c o  rust 

diunis prior 10 stor ipc t o  iiiiiiiiiwc 
inhibitor C ~ l l J ~ O ~ J l l l i ~ C  WJS JddCd 1 0  

eo1 I osion 

First cvidciicc of I rrqc K J I C  dctcriordtion 
of drriiiis rcportcd Soil c o i i i ~ i i i i n ~ i i o n  
reportcd JS incrcasing 

Small budding added to fd ter and 
transfer contaminated od from 
leaking drums to new drums 

J IIIIIJI\ 

Jt ieiC 

Julv 

Scptciiihci 

July 

August 

K 1-1'4 NV- 1 0 

RddlJtltVl ~ l ~ i i i l t ( 1 r i ~ g  and IllJplWlg 01 
JrcJ LOIlIIiICtCd Lcvac 01 2 x 1 os 
d/rii/g 141 ovcr 3 X IO' d/iii/g rcported 
P c i ~ c t r ~ t i o n  of from I iiicli to 8 inchcc 
rcportcd 

Prcliiiiinarv propoui for coiiiainnicnt 
covcr prcpdrcd hy R t d y  Flats FJLIII~ICS 
1 npnccniig 

Asphalt , imtmiiicnt covcr coiiipletcd 
including tour sampling wells 

ri lC d c p ~ s l ~ i t ) ~ ~  01 t h ~  e O f l I d l l l l ~ J l l O ~  in t l i ~  S ~ i l  0 1  the drum 
\t~u.ipc Jrc I hcc in J i o r t l v  d l i c r  thc dririiis wcrc placcd in 
tlic ired 

lioii In~wc\cr I\ 14 ccrtJiiih ncii I siiiiplc 111 itlicivrlticd 
IillIc 11ori 111 r i i i i ~  Tlic <ltiJfl111\ rcdistrihutcd wd\ dircelh 
J \ M ) ~ I J ~ C ~  \ \ it11 rciii(wJ1 01 thi. drums wliicli c\i>oscd thc 
~ontdtllindtcd coil p l i \ ~ i c ~ l  ~ ~ t i k i t k  in the arca dnd thc 
Ixri(dlc hip11 witids Iound d l  Rix-hk I-~JIS  Till% C d n  best 
b L  SCCII 11 wc study d~1.1 irom Jtr wrnplcs collcctcd directly 
cast 01 thc stordgc arca The Rocky Flats Hcdth Physics 
Ikpartiiicni ~ o i i d ~ e i ~  dn cxtensrvc air winpling program to 
dctcrniiric tlic prcscncc of Jirbornc radioactive COfltdmifldntS 
in and .~rouiid tlic K 4 1 ~ k y  FIJIS PlJnt sitc One of these air 
sdniplcrs (designated 54)  is atuated directly edst of the 903 
drum storrgc area at the cast pcrimeter fence The contami- 
nation levels dctcrniincd by analyss of sainples collccied 
d ~ i l y  from this location have through the years bccn higher 
than thc lcvcls iiicauircd dt other locdtions 

Kc~ii\~iciisic~n aiid rdistribution 01 tlic contJniinJ 

Monthly dverJges of thc rndtvidual daily contJiilinatlon 
levels show a vcry closc corrclation to physical dctivitv in 
thc drum stordgc arca Figure 3-1 shows a graph of the iiionthly 
dvcragc dirborric contamination levels deterniincd at air 
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\ l l l l p l L  - \\11c11 JI1 I I \  /lIlF I l lcK 11 IIJ I I  I \  UOI I l l  1 1 ~ l 1 1 1 1 '  

1 1 1  I I  I I O I  6 - . I ' M > ;  I'Wlq I J I C C  \c 11c J c I C i l t l r  r l i c t r l  ()I I J I ~  

druiiir u - Jhiiic p l ~ c c  

purlctiirLI - \  J I d .  lilt Jlld sonic soil was ~ddcd i o  cover 
certain cov.miinaied Jreas These ph\ sicdl JCtivities cor 
responded to thc  higher readings reportcd during the 
1063 through 1965 period Stdrting iii January 1967 J 

gredt deal ot ictivitv in the area WJS assocwted ~ i t h  druiii 
removil The c o n t ~ m i n a t i o n  level measured In 1968 
paralleled thc drum removal dctivity In l ~ l e  1968 activity 
associated u ith weeds being burned and grading of the JreJ 
Lan be correlated with high contaiiiinition reddings In 
April of 1909 when the large rocks and stahes were renioved 

Ai1 exclusioil tclicc u I \  . ~ d d t ~  
( 1 0  ~11111t \ \IcJl J c l l V l t V  Ill l i l C  J I C J )  Ollc dlulll U J\ 

 
R FP-I NV- I 0 

111 'Uivciiihcr 1 1 1  1 W )  tlic f t l t l r  wniplc wcils were dug dnd 
rhc incredses in writ.iiiiiiiJiion lev~l A r e  attributed to the 
activitv in the arcJ In April 01 1971 a new draindge ditch 
WAS completed J U S I  west 01 this area and, again, higher 
contamination vdues were obscrved 

At no time did the values from air samples lndicate that 
permissible levels of' plutonium contamination in air had 
been exceeded However these data do indicate the most 
probable period when maximum resuspension and redis- 
tribution of the contaminated s o i l  took place 

8 
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Philip hrs\ tHA!!L) discusscd HASL rcport 2 3 5  Two 
errors one on thc contour niap of Rochv FIJI\ Jred soil 
survel snc onc typographicdl error in the d~1.1 tdble oii 

plutoni-r concentration in wil dt one sJniple C I I C  wcrc 
corrcct. 
cliaiigt.. 1 1  - totJl plutoniuni invcntorv in tlic J i C d  wrroundiii; 

I t  HJS Jgrccd 11131 ncithsi corrcctioii sicnilicJntl\ 

Roch\ F I -  - 
John S H--Ie\ (HASLI mcntioiied t l i ~ t  lie t i d  pdrticip.itCJ 
in J nit.. 7 - 2 J I  the ACC Headquarters o i i  J u h  0 7 1'170 1 0  

drau U T  ;-,dclincs l o r  unipling and a n h / i i i e  wils l o r  
plutoni-r H d c v  ~ l s o  discussed the possibiliry ot HASL 
personnel returning to Colorddo l o r  J suppieiiicntdl p r o g r m  
t o  include ( 1 ) more dctdiled survevs in  the iniiiicdidte 
vicinit\ oi Rocky Flats Jnd (2) specific ficld studied on re 
suspension of plutonium contaminated soil pdrticles 

4 ATOMIC ENERGY COMMISSION CONTACTS 

L A S L  

Wright LJn-rh.ini (Hcalih Division) discusscd dvJildbdiiv ol 
reports Lvi plutoniuni coiitmiindtion 01 soils espcciallv reports 
rclatcd TO :lie Pdoiiisres a i d  Thulc Jccidcnts LJii(&ani re 
portcd i n d t  this intornidtion is not rc.idil\ J v h h k  hccausc 
i t  hJd nor \ er been published bv the Air Force L~nghaiii  
revicwca H 4SL rcport 235 for the AEC and s ~ i d  he was 
reasonabh impressed t l u t  a professional j o b  had been donc 
He mentioned by telephone comiilunications dnd later 
suggested in writing that the Dow comiiiittce iiiight protit 
b y  a visit to Los Alamos i o  tdlk t o  pcoplc FJmilidr with 
foreign Lont.miinrltion incidents JS wcll ax uith coiitdii i im 

tioii incidcnts at Los Alaiiios I t  WJS siigcstcd that Dcdii 

Meyer John Hcaly Jnd Willidrii Kcnnedy could provide 
~ n f o r i i i a ~ i o n  concerninc miidmination levcls in tlic LASL 
area 

USAEC 

Don Ross (Health Protection - Operational Safetv)  
discuswd in gredt detail the AEC guidelines ( prcpared 
Julv 6 and 7 )  for plutonium sample cotlcction and analvsis 
This discussion with Ross reviewed the initial request from 
A L O  (if B Johnston) for such a meeting the membership 
of the committee which developed the guidelines, how the 
guidelines were arrived at ,  dnd a summary of the nine guide 
lines This document has been routed to Dow through ALO 

Art Whitman (NVO - Rad Op ) discussed the availability 
of NVO reports It  was suggested that we obtain a copy of a 

m X l J t  hihliovrJpli t i n  du r l i u t i i  i 1 i i  c c i n t d i i i i n J t i o l i  

( t l l i \  hihlicii!t.tplit I I J S  hctrl L L C I \ L L  1 41~0 khtiri13i1 

\liprc\tcd i l idt  soiiieoiie t r c i i  1 DON 
t l ~  t J i l h  01  NT5 pliitoniuiiilontanii~-r~un experlens  and to 

scdn their tiles 01 cldssified rcporis r-~d miscellanwus data 
lor intornidtion pertinent i t1 the RoLhv Flats situation 
Theretorc a trip was takcn io Nevsai The following is a 
list of persons contdcted at  thc Ne\3d3 Operations Office 
United Sidles PubliL Health Service m d  Revnolds Electn- 
cal and Engineering Co A trip report summarlzing this 
activity IS given in Appendn E 

NVO to discuss 

USAEC 

Arthur J W h i t n i ~ n  
Donald W Hcndi ichs 
Ross L h i n n m d n  
Paul J Mudrd 

USPHS - S W R H L  

Me1 W Cartci 
Jim Mullins 

Les Dunn 

REECO (Tcst Sitc) 

Arden E Bickcr 
DcrcL Engstrorn 
Leonard Svgitow IC/ 

Tcrrv Rov 

O R h L  

R3 Lt iological S d  fet v Bra iic h 
Radiological Safety Branch 
Effects Evaluation Office 
Operations Division 

Laooratorv Director 
Deouty Chief Analytical 

Enrironmental Survey 
Division 

Enbironmental Services 
Cncrnistry Laboratory 
Chemistry Laboratory 
Siic Survev 

F R Brucc ( S 3 l ~ t v  m d  RJdiation Control) and s Snvder 
(Health Ptivsics) W C I C  LOnlJctCd Dikiissions were held 
conccrninp J contjniinJtic>p rc1c.w u hich ocurred in 1957 
An cuplo\ioii iii J process tJnh ~ l l ~ w e d  the rekase of J 

urJniuiii-pluicinium solution Most the contamindtion 
wds contdincd within a building However some L o n  

taniindtion t o  tlic environment resulted bv personnel tracking 
i t  outsidc and the e\capc ot dirbome contamination It was 
estimatcd thJt about I grain of plutonium was lost Some 
gravel and top soil were removed and placed in drums for 
disposal 

NEVADA 

C A Pelletier (Environmentdl Health Services Laboratory) 
stated that work was being conducted concerning the 
deposition of radiodctive material from the air to soil 
However, resuspension of plutonium from the sod. and 
soil stabillzation have not been investigated 

Claude Sill discussed the Idaho method (fusion and total 
dissolution) for analysis of plutonium in the sod 
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5 REVIEW OF CURRENT ANALYTICAL 
METHODS FOR PLUTONIUM IN SOIL 

MeJsiiring r i d t o i i i u n i  i n  soils espcciJll\ JI low I ~ \ c l \  
is d ditticulr andytical problem I t  is IiiipcrJtivc tlidt tlic 
and\ t i ~ a l  methods have good accurJc\ precision dnd 
reproducibilitv 0 1  informdtion 

Various methods have been used for the dndlysis 01 pluto 
nium in wi:s They differ primarilv in  the nicthoJ bv 
which the Dhtonium IS released from the soil Thtsc 
methods from acid leaching to coiiiplctc dissoluiion 
of the soil bv fusion 

The specific methods used by vdrious sites l o r  plutoniuni 
analvsis ha\ e been collectcd Three of these (Rocky F l d t s  
Health Ph\ SICS Laboratory and Budding 88 I Analytlcdi 
Laboraton and the AEC's Health and Salctv Laboratory) 
are summarlzed below Following these summaries there 
is a discussion of the reproducibilities of the various 
methods coniments on the two Rocky Flats Laboratories 
that have the capabilities lor analysis 01 plutonium in soils 
and a summary 01 the A t C  guidelines for soil unipling 
and anaiym 

Methods Summary 

I R o d \  Flats (Health P l ~ y s i ~ s )  

The s o i l  samplcsfl0gl drc ignited J r ' " l l ~  spike (used to 
nicasure the recoverv ol dl1 the plutoniuni in thc unlpicJ 
is add<: and the wmplcs Jrc c\.iporJtcd I leJchdl 
sltern31ely with Hh03 and IiCI This is ~ollowcd b\ J 

leach u , th HF and HCI04 The solids .tre then rcmovcd 
bv fdtr-tion the aciditv of thc solution is Jdjusted with 
HCI and the Po is separdted by anion exchange The 
plutonium concentration is then determined by alplid 

spec 1 comet ry 

A ' "'h spihc I\ d d L d  Jnd  t l i ~  \~iiipIc\ ( loogl Jrc 

I c ~ , f i t d  ti i t 1 1  I 11101 I K  I niittiirc t i r b t  J I  room 
tLiiipcrdturr IIILII  JI JII t l c \ ~ i c d  tciiiperJturc The solu- 
tion is decJritcd ind an\ orgaiiic n u t t c r  is decomposed by 
h e m i p  Sili~ic iii,mri.tl 11 prcscnt IS  rcmovcd by 
t i l t r j t ion and dctonipostxi bv licating with HF The 
remdiniiig m.iterid is dissolved in H N 0 3  dnd Lombined 
wirh the initial filtrate The acidity IS adjusted with 
"0,  dnd the plutonium is sepdrdtcd using anion 
etthdnpc The plutonium is then plated on a dish and 
the concentr~tion determined by alpha spectrometry 

Other methods t o r  determining plutonium in sods involve 
complete dissolution of the soil by fusion, then separation 
of the plutoniuni from the fused mass I n  the AEC complex, 
Claude Sill of the Idaho Operations Office is a proponent 
of this method The primary drawback of the fuslon 
method is the extensive time required to process each 
wmple and the relatively small sample s u e  ( I  to 5g usually) 
that can be handled conveniently Those favoring the 
fusion method dre  convinced however, that i t  IS the only 
sure way of getting all of the plutonium in solution m d  
dvaliable for analysis 

The Jmount of plutonium thrt will dissolve by leaching 
depends on its torm in the soil In analytical methods 

Pu "spkes arc added in solution fomm As a result 
this 'spihe" of plutonium will be more casily rcmovcd 
lrom soil than plutonium in thc torill 01 oxide especially 
owde thJ t  is hirh 1 , r d  Although there is probablv no 
hcitcr wd) i o  spit,c J soil sdmplc those using soil analysis 
da1.i should hc JUJIC o f  the limitations and the data should 

2 16 

hc e\dUJtCd Jc&urdiii@\ 

Funiinc J soil uinplc with ,in HF HCIOJ inixture is dnother 
method thdt h3s been uscd tor complete soil dissolution 
I t  too is J lengthy process The use of tha  method has been 
reported by HASL (HASL 235) The current Rocky Flats 
method uses a HF H C Q  aLid treatment, but not to the 
point of complcte dissolution of the sample 

2 Rock) Flats (Building 881 Analyticdl Laboratory) 
Reproducibility of Analytical Methods 

A 236Pu spike isadded to lOOg of soil and the sample 
is leached twice with a I to 3 mixture of HCI and HNO, 
Plutonium is removed from the leaching solution on a 
column of anion exchange resin After stripping the 
plutonium from the resin with a dllute HNO, HF 
mixture the acidity and plutonium valence are adjusted 
and the plutonium is extracted with TTA The 
plutonxurncontainmg organic solution is then evaporated 
on a planchet and the plutonium determined by alpha 
spectroscopy 

There are no analytical standards for plutonium in sod 
The only way that analytical methods can be compared, 
therefore, is by percent recovery of splkes, the preciuon of 
these spke recoveries, and interlaboratory analysis of the 
same sample Data on sptke recovery and the precision of 
this recovery are summarlzed below for the Rocky Flats 
and the HASL methods This is followed by a discussion of 
results on interlaboratory sample exchange programs and a 
comparison of dfiferent methods on the same samples 
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Table 5 2 Complete Olssolutlon versus Leaching 

111 niid Ic)7O a scrics ut soil\ lroin LKL u 1 ,  ~ i i ~ l y / e d  
at Koch\ f-idts Tlic ptutoniuiil m i t e n t  r ~ i i g c d  i r o i i i  

0 3 to 500 d/m/g with 5 samples %I  d!iii/e one sariiplc 
at IO d l m l g  and one saniple at  500 dlnilg The average 
percent recovery of the spikes for .tll replicates WJS  70‘~  
with a standard deviation of  7‘2 

2 AEC H d t h  and Safety b b o r a t o r y  (HASL) 

J H Harley provided data on spthe recovcry tor their 
method On ten soil wmples analyzed the dverage 
recover) was 84% with a stdndard deviation of 6” The 
data supplied were in the lorm ot spAe recoveries oiilv 

the amount of plutonium in the umples was not 
reported 

Comparison of Different Analytical Methods 

HASL has compared their leach method J ~ ~ r b o n a t e  fusion 
method and a H F  HCIO, dissolution method al l  on Rochi 
Flats soils The results die shown in TJb1c.s 5 I dnd 5 2 These 
results indicate that the methods Jrc re3sonably coiiip.irahle 
(not signiticantlv different Jccording to the HASL report) 
It should be noted howe\cr 1 1 1 ~ 1  ihcre 15 I I C I  iiidicatiw ( 1 1  
the chernicd torm 01 plutoiiiuin in the s c ~ l  u\cd to O ~ I J I I I  

the results in either 01 these t h k s  

Table 5 - 1  Comparison of Plutonium Amlyws in Soil by Nitric 
Hydrochloric A c ~ d  Leach and Sodium Carbonate Fusion 
Mathods 

I’rrcen t 
s o l i  dpm/100g Chemical 

Tvpe Method Pu 239 + 240 Pu 238 Yield 

I A  LedCh 308 t i  I 5 9 * 0 2  53 
I B  Fusion 3 1 8  t i 2  6 6 t 0 3  s 9  

2A Leach 1629 f 8 7  32 t 2  56 
2B Fusion 1607 t 8 2  35 t 2  66 

3A Leach 6 0 ’ 0 2  0 1 9 t O 0 1  58 
3 8  kusion 8 0 i 0 3  0 13 ‘001 61 

- -  

This information received from J H Harley HASL September 3 
1970 

I’u 2.39 
7 1)cviation 

H o c k s  th i \  \11i1\ dpm/g lktwecn 

Methods ‘1dP Sltc Saltlplt LJh Vethod -f7 0 --- -- 
1 14 H 4 S L  leach 3 08 + 4  3 2  

H 4 S L  fusion 3 i 6 i 4  

6 6 HASL leach 18 7 i4 
HASL leach 16 3 iS a 9  
HASL fusron 16 0 t 5  

4 4 HASL leach 0 060 *4 28 
H 4 S L  fusion 0 080 i 4  

mean I3 

Other Soils 

N Y C O 2 0 c m  [PA kdCh 0 0161 t 4  

HASL fusion 0 0 1 6 6  f4 
6/67 li PA lcarh 0 0165 f 5  0 

N Y C 0 2 5 c m  TLW Ie:aLll 0 22 t10 
12/69 TLW leach 0 20 t 5  I I  

TLW HI. dissolution 0 23 f8 
TLH HI. dissolution 0 24 f 5  

N Y C O S c m  TLW leach 0091 f 6  
12/69 TLW leach 0 096 f5 3 3  

TLW H I  dissolution 0 090 t 6  
TLW HI dissolution 0 092 f5 

N Y C 5 2Orm TLW leach 0 0040 220 
12/69 TLW leach 00041 ‘16 7 1  

1 LW H I  dissolution 0 0035 f 4 2  
TLW Hi Jiuolucion 0 0049 f 13 
HASL lusion 0 004 I 2 5  

Black Soil 1958 I L W  lcach 0 0 0 7 4  ‘ 3 5  37 

mean 12 
VASL fusioii 0 0051 24 

Comparison of lnterlaboratory Results 

LRL supplied analvses on the uniples thev sent 10 R o c h i  
Flats 3nd mentioned Jbo\L The results are tabuldted bclou 
@alitdtively the agreement between the two series of 
results is quite good 

d/m/g 
Sdmple Number LRL Rocky F l a t d a j  

0 06 0 29 f0 19 
0 67 0 82 +O 22 
0 4  0 71 +O 22 
0 2  044fO 15 
0 14 
091 

108 * I  07 

6 550 493 533 
7 13 109 208 

(a 1 range 
mean f- 

2 
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prcpdred b\ ( I J U ~ ~  Sil l  ot Iddho The ad wiiiplcc utrg 

Jppdrentlv tused atter preparation so i h J i  1 h  nluioniuri i  

was present in the form 0 1  J high tired oxide On the I i rs i  
two of these there was a recovery of 65 and 100‘~ (the 
analytical method used includes leaching with HF which 
will dissolve high-fired oxides better thdn any other treat 
ment) This recovery was better than that obtained bv 
either HASL or Los Alamos Subsequently two other 
Sill-prepared samples were analyzed The Laboraton 
obtained an 85% recovery on a sample conraining 23 d/ni/g 
m d  a 7 1% recovery on a simple containing 39 dlnilg 

Currently the Rocky Flats Health Physics Laboratory is 
mvolved in a 23”Pu Soil CrossCheck Program being adiiiin- 
istered by the Southwestern Rddiological Health Labor& 
tory Five samples have been received and three were 
analyzed The concentration of plutonium in these samples 
is in  the range of 5 to  30 d/m/g Verbal information has 
been obtained on the first sample analyzed and indicdtes a 
recovery of between 95-100% of the plutonium present 
(-33 d/m/g) Three aliquants were run The precision 
as measured from the three aliquant results was 25’2 

HASL has conducted interlaboratory comparison of  meth 
ods They are summarized in Table 5 3 For the most 
part the results from the various laboratories appear IO be 
within reasondbie agreenient 

Table 5 3 Interlaboratory Comparison Analysis of Plutonium in Soil 

Sam pic 
Location LJh - 

Colorado ( I  ) A 
HASL 
HASL 

Colorado (2) A 
HASL 
HASL 

Colorado (3) A 
HASL 
HASL 

New York ( I )  A 
HASL 

New York (2) B 
B 
B 

HASL 

llrlnols ( I )  €3 
HASL 

Method 

HNO. HCI Leach 
HNO, H C I  Lexh 
Na,CO, Fusion 

HNO, HCI Leach 
HNO, HCI Leach 
Na.CO, Eusion 

HNO, HCI Leach 
HNO, HCI Leach 
Na,CO, Fusion 

HNO, HCI Leach 
Na,CO, Fusion 

HNO, HCI Leach 
H F  Dissolution 
HF Dissolution 
Na, CO, Fusion 

HNO, HCI Leach 
Na, CO , Fusion 

Jpm I I OOL 
I’u 2 3 9  - 

240 Pu 238 

400 ? 4  7 2 2 0 2  
308 2 I I 5 9 2 0 2  
318212 0 6 2 0 3  

1660533 31 8 2 1  3 
1629 r87 3 1  a 12 0 
I601 ‘82 35 3 2 1  b 

IO 2 to 2 0 20 to 03 
6 0 t 0 2  0 2 0 6 0 0 1  
8 0 t 0 3  0 1 3 t O O i  

i 7 t 0 1  0 0 4 ? 0 0 1  
I 7  t0  I 0 4 1  2002 

041 6007  0 27 fO 21 
0 3 5 * 0 l 5  0 0 9 6 0 1 8  
0 49 i0 07 0 04 +O 04 

0 4 1  t o 0 2  0 0 3 t 0 0 2  

0 74 t O  25 - 
0 51 t O  03 - 

\.I i l l  pI L 

Locatitin Ldh Vethod -- 
N r w  Yorh ( 3 )  IJ HNO, tiL1 LlldLh 

€3 HNO, Hc’l Leach 
D HF Disu)iution 
H HI Dissolution 

HAS1 HNO, HCI Leach 

General Comments 

d pm I S O B  
4’u 239 + 

240 I’u 238 

4 82 $0 23 0 03 t 0  03 
4 53 t O  30 0 39 20 10 

4 58 t O  25 0 20 t O  10 
4 49 i0 24 0 14 t O  09 
4 1 3 t 0 1 7  0 3 2 t 0 0 2  

ROCKY FLATS HEALTH PHYSICS LABORATORY 

The laboratory personnel are currently investigating a total 
dissolution method uslng a Teflon-lined Parr Bomb Pres- 
sures as high as 1200 psi can be obtained in this bomb It IS 

hoped that with this high pressure and a mlxture of HF and 
HCI it will be possible to dissolve a greater fraction of the 
sample 

The bach log of samples in the Laboratory IS being reduced 
The average elapsed time for a sample analysis is now one 
month however the tune depends on the priority of the 
simple I t  takes about a week from the time analytical 
work begins on a sample until  the results are available 

BUILDING 88 I ANALYTICAL LABORATORY 

The Buildirir 88 I hdvticdl  Ldboratorv h3s been develop 
ina J cdpabiiitv for plutonium analvsis in soils over the 
ldst six tu eight months Thev currentlv hdve a method 
developed (Methods Summark (211 and have obtained the 
neceswry counting equipment Analyses of soil samples 
taken from the Pad dre in the range of 0 001 to 7 7 pg/  
100 g soil They estimate their precision on these samples 
to have been kZ(Y,; 

To investigate the effect of the form of plutonium on its 
recovery they splked a large soil sample with plutonium 
and heated i t  to  400” 600”. 800” and 1000°C They 
analyzed samples heated to each temperature by their 
method (which includes an HCI-HN03 leach) and 
recovered 105,  109 85, and 13%, respectively, of the pluto- 
nium This graphically demonstrates the mfluence that the 
form of plutonium has on its recovery This is an important 
observation The nature of the plutonium in the soil 

sample should dictate &he dissohtlon technique used 
I f  is is suspected that a “high-fired” oxide is involved, the 
fusion method recommended by Claude Sdl (or near 
complete dissolution) might be necessary for reasonable 
quantitative result \ 
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AEC Guidelines for Soil Sampling and Chemical 
Analyses 

It is dppdrcnt I r o i i i  the infornidtion d h o w  t h t  lhcrc 15 i i o t  

gencrdl agrcenient hctween vdrious sites on t h e  bcst dndlvt 

icdl iiiethod to use for soil analvsis The sdnie s i ~ t i a f i m  

exists for soil sampling techniqucs 

During the course 01 this committees investigdtion thc 
AEC issued 3 set o f  guidelines tor soil sampling and mmplc 

The criteria lor sdriiplc dndlvsis drc ~r'neral and the methods 
now in use appear 10 complv with the AEC recommendation 
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6 SIGNIFICANT, PERTINENT INFORMATION 
FROM PREVIOUS INCIDENTS OF 
PLUTON I UM CON TAM I NATION 

T h e  1 i . n ~  bccn scver 1 1  instances ot plutoiiiiiiii  contaiiiiiu 
t i o n  of thc environment outsidc 01 a govcrniiicnt IAE( ) 

controlled area Two 01 thcse - Paloinarcs Spain 
Januarv 1966 and Thulc Greenland January 1968 - 
involved major plutoniuin contamination of significant 
land areas There were also significant political and public 
reldtion overtones I t  IS instructive to e x m i n c  these two 
accidents to see what can be lcarned about the eltcnt  ol 
contamination the nietliods used to decontaminatc dnd 
tlic diiiouni of residual activitv remdining at tcr dcLontdmi 
nation was completed The Pdloniarcs accidciit will bc 
exaiiiined first. since it niore closely rcsciiibles the Rocky 
Flats situation with contaminated soil 

Palomares 
EXTENT OF CONTAM IN ATION 

The accident at Palomares took place at 32 800 feet with 
pieces of the plane falling over a very wide area Plutonium 
was released by the non-nuclear explosions of two bombs 
A total of approximately 558 acres was contaminated A 
total of 5 4 acres had an alpha contamination of more 
than 700  000 d/m/100 cm2 (See Appendix D for simpli 
fied conversion to other common units found in this report ) 

An area of approxiniatelv 42 acres showed contamination ot 
between 700 000 and 70 000 d/m/100 cm2 dnd the rest 
some 5 I 1 dues showed contamination of  less than 
70 OOO d/ni/100 cni’ More thdn half ot these 5 I 1 acres 
were contaminated to lcss than 7 000 d:m, 100 cm’ 

D I S P O S I T I O ~  OF COhTAMlNATED SOIL 
Thc disposition ot rhc c c ) n i m i n d t c d  coil IS  sunlli iJri /Id J, 

f ollou 5 

DISTRIBUTION O F  PLLTONIIA Oh TH t SL RF 4Ct 
IN THE VIClblTY O F  THE PALOMARES ACCIDEXT 

In i  t id1 Plutonium Contam in3 t ion Area 
l r C i / 1 0 0  cm- mCi/km’ d/m/100 cm acres Disposition 

>0 32 >32  000 >lo0 000 S 4 Surface coil (2  3 ) 
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removed and hurled 
a t  Savannah Ri\er 

0 32  0 032  3 2  000 700000 42 
3 200 10 000 I k c p  plowed 

watered and come 

vegetation removed 

<0 0 3 2  <3  200  <10000 S i 1  
De fec ta ble 5 5 8  Oeep plowed Jnd 

watered 

a F r ~ ~ ~  one report i t  could be concluded that this soil was also 
removed to Savannah River for burial but this docs not seem 
likely when we analyze all the reports on this topic 

7Iic rtiii<\\Ji 11 \oil t i o i i i  I J  . i 4 JLrcs wlicrc thc JLII\II\ 

W . J ~  highcst rcwlted in I100 ,ubic vJrdsot soil Nhich were 
buried a t  Smannah River ir rhc same manner as other ION 
leicl radi03~11~c  iiiJtcrial ( T o  help gain a perspective the 
wil buried ,oiitained about 10’ to IO4 tinies the amount 
of plutonium found in thc remaining drea ) Also removed 
from the site and buried at SavannJh River were about 
400 cubic vards ot vegetation I t  was planned initiallv to 
deep plou onlv 300 acres 01 land having low but dis 
cernible amounts ot contamination However the operation 
was found to be so easilv performed that the area was e\ 
tended to include an additional 558 acres Plowing was 
done IO a depth of approximately 10 to  I 5  inches, the 
soil was primarilv sandy although some places were rock\ 
This process reduced the surtace contamination in this area 
to undetectable amounts dnd it was concluded, essentially 
eliminated significant resuspension of plutonium into the air 

The total cost for the operation in Spain has been estimated 
as 50 million dollars This does not include the political 
and public relatiom ’ cost o f  the incident 

A comparison can be made between the quantities of 
plutonium found in the soil at Palomares and the amount 
found in the vicinity of the barrel storage area at Rocky 
Flats This comparison should be considered only an 
order-of magnitude comparison since details of sod sampling 
at Palomares are not available to us An assumption is 
made that the reported results from Palomares are from 
surtace sampling only At Palomares sod was actually 
removed (and shipped to the United States for burial) 
where contaniination levels were greater than 
0 32 p Ci 100 cni’ (32 000 niCilkm2 ) All soil con 
taining me3surabfe iontamination up to the value ot 
0 31 pCi/ 100 cni’ was deep plowed Data from the 
HASL Report 235 indicated that the two hottest 
spots found at Rochy Flats were east ot the barrel 
storage are3 These spots f indicated as sites 6 and 8 in 

HASL Report 235 1 contained totals of 2000 and 
620 mCi/hm’ , respectiveh in the 0-20 cm depth Of 
the total plutonium reported from these sampling sites 
1310 and 41 5 mCi/km2 were reported as occurring in 

the 0 5 cm depth Rocky Flats Health Physics Depart 
ment sampling and analysis give results in excess of 
3 OOO mCtlhm’ on AEC land The highest isocurie 
contour that extends on private property surrounding 
AEC land was found to be between 400 to 1000 mCi/km’ 
The plutonium contamination levels of concern at Rocky 
Flats are substantially below those levels at Palomares 
where soil removal was deemed necessary 

CURRENT L E V E I S  OF CONTAMINATION 
Sampling of the sod has been done on a yearly schedule 
in the Palomares region smce the accident in 1966 Core 
samples are taken in areas that had varymg initial contaml- 

bRather more than half is less than 0 0032 MCi / l00  em’ nation These cores are divided into segments of 5 to 10 cm 
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In tlic arc4 whcrc thc 2 7 inch I J V C I  ol contaniiliatcd soil 
WJS rcniovcd and r n t  to Sdvanndli Rivcr tlic contaniind- 
tion is nil 

In  thc m a s  where thcrc was dccp plowing contamination 
has bccn tound to a dcpth 01 13 inches Generally 
lii$icst contdiiiindtion lcvcls werc found bctwecn 6 and 
IO inches down but thcrc was J vcrv unlioiiiogcncous 
distribution o f  the contJiiiination 

Tlic iiiaxiiiiuni averagc valuc 01 dphJ  x t i v i t y  tound i n  

thc arcas studied is approximJtcly 50 tiiiics higiicr than 
the niiniiiiuni value of nJturJl alpha activity lound in thc 
background soil in the arca 

A iictworL 01 lour air-sampling stations w is sct up within 
tlic accidcnt mx Air umplcrs wcrc placcd 5 5 lcct abovc 
the ground Tlicy opcratcd 24 hours J dav througiiout thc 
ycdr Ccllulosc filtcrs with a porc svc 01 I 2 iiiicrons wcrc 
u x d  for tlic uiiipling Gross alpha JS wcll .IS 39P11 content 
were dctcriiiincd on tlic filtcrs Thc rcsults ol tlicsc ~ i i  

samplcs H c r C  rcported a1 nicrlings iii I1)hK aiid 1970 Thcy 
are suniiiiariicd as follows 

1 Activitv has bccn found at all unipling m a s  miis 
means that some rddioaitive niaterial has become r e m  
pcnded tfowcvcr rctnovdl of thc nwsl contmiinatcd 
surtacc soil and tlic dilution 01 thc rciiiaindci hv plowing 
Iias probcn clfcctivc i n  rcducing tlic iiic i n  V J I I I C  l o r  * 3 9 ~ ~ ~  

in thc air t o  lcvcls consistcntlt hclow t l ic pcrniissihlc 
l l ldYl l l lUl l1  

2 Tlic 3 9 P u  t.onccntrJtioi1 in tlic Jir W J F  nori i i~ l lv  Icss 

th.in 0 I ot thc niaxiiiiuiii pcrinissiblc conccntration (MI") 
for the gcncral public (Thc MPC uwd HJS froiii the 
"Rddiation Protec tion Norins of thc Furopcan Nuclcar 
Encrgy A p n c y  rcviscd cdition IOhX For insolublc 
compounds of '39Pu in air for tlic gcncrdl public, it is 
IO-'' pCi/cni3 for  solublc coiiipounds it is 6 X IO* 
pcilcni '  Although thc plutonium ioinpounds Jrc 
known t o  be  insolublc plutoniuni dioxidc tlic solublc 
compound limit was used to provide a guarantcc of 
maximum safety ) Concentrations excecding 0 1 thc 
MPC were recordcd on only 7 occasions. two of which 
cxceeded the MPC Both of these values did not cxcecd 
0 I of the MPC for  insoluble 2 3 9 P u  compounds, howcver 

3 On days when maxunum air samplc values were found 
the winds in the area had speeds of betwecn 7 and 13 
miles p c r  hour 

RFP-INV-IO 

Wean annual rainhll 

Mean annu r l  temperdturr 

t'alonures RIX k v  tlats 

7 9 inches 14 4 inches 

64 8'k 49 O O k  

Velocity of most frequrrit 
strong mnd gu\h 43 mpli 4 0  mph 

Mthough Rocky Fldts has J higher rainlall and a lower 
temperature tlic weather conditions arc not extremely 
different 

Thule 

The accidcnt dl Tliulc WJS different trom that at Palomares 
m that the bombs caine down with the plane and were in 

volvcd in a firc whKh was fuelcd by J P 4  j e t  fuel Also 
thcrc WJS no soil involvcd just Ice dnd snow 

Contamination WJS sprcJd over a drop-shaped area of 26 
acrcs with tlic distribution in t l i ~ t  area as shown iii the 
Itillowing tabulation 

DISTRIBUTION OF PLUTONIUM ON THE 
S U R F A C E  IN T H E  VICINITY O F  THE THULE CRASHa 

Ini(iJl 
Plutonium C ontJminatnin Area 

uc1/100 cm2 mCi/urn' dcres Disposition 

2 7 X  27116 x io '  0 49 Crust and packed 
I 4 0  I3969 X I O '  2 23  snow removed to 

9 912 X IO '  3 43 an average 

3 295 X IO '  3 Jb depth of 
I 93 X IO'  5 I2 4 inches 

'Fxcluding plutonium picked up on aucrrft debrls and that be- 
yond hldckrned ICC area 

When fuel burncd, a blackened area was produced on the 
snow Approximately 99% of the total plutonium found 
( 3 150 2 630 g) was within this blackened area 

This black crust contdined unburned jet fuel It  was csti 
mated that as much as 181  of the fuel remained unburned 
Sedimentation studies showed that up to 80?6 of the plu- 
ionium was associated with low specific gravit) debns that 
remained suspcnded in thlsjet fuel This debris included such 
things as metal, glass and nylon fibers. plastic, rubber, and 
tlccks of paint T h e  plutonium itself was in the form of 
oxide particlcs with a very wide m e  distribution 

IS 



(orc  ut - L -  j t  the ILL indic itcd t1i.11 1 1 1 1  tlie J \ c r , i p  

13cc 01 fh. ~t .11  plutoniuiii WJS  i n  tlic I(  p 2 iiiLlic~ ;(> 

i n  thc i t y -  1 i n c h  dnd 35'1 i n  thc top h I I ~ L ~ L \  4h01rI 
is ' ,  N J ~  ir ih r  bottoiii IO  inches and the rLiiiJiniiig 4 0 ~  
WJS disr:inu,ed betwccn h inches Iroiii the top J i i u  10 inch 5 

trom the bc~rtoni Tlic t ~ t ~ l  ice thichncss WJS 1-1 inchcs 
The  plutoniuiii WJS  distributed throughout thc icc be 
L J U W  the iLe was frdctiired on imp3ct o f  the plane with the 
ice I t  subsequently refroie I t  was estinldted that there 
was a lord of 350 grams of plutonium in the fractured ice 
drea (.qmroxunatclv 0 5 dcres) 

A radiologcal survey made soon after the accident 
showed that most of the plutonium was confined to d 

limited area After the debris o f  the crash W ~ S  removed 
another s u n e y  showed that the only significant plutoniuin 
contaniination was confined to  the snow dnd ice of the 
area where the fire had ldken place 

R FP-I N V- I O 

7 0  d ~ r  r i i i i i i L  1 1  iJdiodLli~il\ hJd h e x  spredd V ~ J  wind over 
I.ircc di5tJiicrk m l r l e S  were idhen lrom airplanes bound 
tor T h ~ i l ~  (11 iussini! d c r w  Grcenlmd on ordinarv trdffic 
routes \ o i i ~  0: t h : x  wniplcs showed activitv dbove back 
ground The SJmr u dS lound tor snow sdmptes tdkcn at  
places t d r  troni Thulc 

Contamination u a s  removed bv removing the contaminated 
snow - approximately 9000 cubic yards - and storing in 
einptv steel fuel containers The radioactive water was re 
turned to the Lnited States 

The amount ot plutonium found in the Ice was deemed 
low enough that dilution by melting would reduce its 
concentration to sate levels This melting was hastened 
by covering the area with tftad< sand 

bwk 
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7 RESULTS AND EVALUATION OF ROCKY FLATS PLUTONIUM SOIL SAMPLE ANALYSIS 

Four Dillcrtnr Ayncic\ HJVL Coiiducicd Soil Sdiiipliii, ~ i i d  Pltitoniuiii AnJlV\iS in die soil S- rounding thc Rockv Flats Site 

Agencv - I Colorado Committee on 
Envuonmental Information (CCEI) 

Agencv - 2 The Health and Safety 
Laboratory (HASL). USAEC 

I Ageno - 3 The Rockv Flats Health I Phvsics Department 

I 1 
I Agency - 4 The Colorado Department 

of Public Health 

Rciil.ii h\ 

This is n o t  a state sanctioned agencv, bur rather a poup o f  interested 
citizens The actual work was performed :v E A Uartell and S E Poet 
ot the National Center for Atmospheric Rtsearch Copies of a report by 
this group were maded on Januarv 13, 19'0 to the following 

E B Cillcr Director DMA-AEC Lloyd Joshel. General Manager. Dow 
Rocky Flats A R Tdmplin, UCLRL H.nght Langham. LASL, J H Harley, 
HASL R J Engelmann DEM-AEC H P Metzger, President. CCEI, 

Later this report was released to the press and copies sent to the Governor 
of Colorado The data trom that report are not inconsistent with other 
findings dnd were used in constructing ' models" o f  plutonium sod 
"contours ' constructed by Rocky Flats 

Remarks 

These soil dnalyses datd were consistent w ith the findings from this study 
by Rocky Flats The soil analysis data u?re used in constructing the 
"model' of plutonium soil contours A sutistical analysis of the data from 
this report is found in Appenduc B The HASL authors took considerable 
liberty in Lonstructing their plutonium WI contours and also in makmg 
their estimates of total plutonium found m the soil The values for total 
plutonium calculated from the Rocky Flats studv are somewhat lower 
than those estimated by HASL 

Rcmarh5 

Sanipling and dndlysi5 spccifiLdIt for plu onium in soil bcgsn 
in Aueust I%Y 

The first sod samples were tdken in August of 1969 by The 
Rocky Flats Health Physics Department The umpling 
continued through June of 1970 A total of 99 sites ex 
tending as far as 10 kilometers (about 6 miles) from the 
plant were sampled In  August of 1969 The Colorado 
Committee on Environmental Information under 
E A Martell took samples from about 18 stes Finally, 
in February of 1970 The Health and Safety Laboratory 
sampled and analyzed soil from 33 s tes  Only 18 of the 
33 HASL samples were evaluated for this study The 

I 

Remdrks 

Their technique of tdking a large number ~1 simples from 3 large area 
and Loinbining prior to  analvsis, rendered their data inappropriate for 
inclusion in the "model' construted in this stud) However, analysis 
shows the ddta they reported arc consistent with the findings of the 
Rochy Flats study 

other I5 samples were tAen beyond the Rocky Flats 
region and were not considered 

The 135 soil sample sltesaere located by markers on a 
large contour map of Rockv Flats. The r a d d  distance 
of each site from the barrel storage area was determined 
by measunng the distance between each marker on the map 
and the barrel storage area then using the scale diviaon of 
the map As a result rad& distances in kdometers were 
obtained to  correspond to the soll sample analyses in mCJkm2 
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Results 

Figure 7 1 p e s  the first estimate of the dispersion of plu 
toniuni in sod over the Rockv Flats area and over land 
east of the Rochv Flats plant The ismurie contour lines 
g v e  changes in plutonium dctivity continuallv from thc 
2000 inCi/hm2 lcvcl to the 13 mCi/kiii2 lcvcl I t  can bc 
seen that plutonium conccntrdtions greater thdn 350 
mCi/kni2 o r  77 8 d/in/g dry soil (disintegrations pcr niinutc 
per gram ot dry soil) cross the Rochv Fldts bounddrv into 
privdte property 

The isodose contour lines wcre constructcd in thc following 
manner First the contour map of Rochv F h t s  which con 
tains all 01 the soil sample locations W ~ S  divided into 
sectors The sod mmple data for cach scctor w r e  curve 
fitted using the method of least squdrcs This rcsultcd in J 
mathematical cxpression for cdch scctor which givcs tlic 
activity 01 the plutonium in thc soil as d lunciioii ot rddidl 
distance from the barrcl stciragc died Specilic lcvcls ol 
plutonium sctivitv such ds 1OOO niCi/hm2 (444 4 d/m/g 
dry soil) rollowcd by iOOO(227 7 )  400 (88 9). 350 (77 8) 
IOO(1Z 2) C O ( 1 1  I)and20mCi/kii i2  ( 4 4 d i n i l g d n  
soil) were d x t c d  The r d i J l  drstdncc 01 cach d c t i v i t \  

from the h.mcl storagc m a  HJS tlicn coiiiputcd t o r  c ~ l i  

scctor ot the mdp An drc \ids struck acrosh tlic sector ~i 

that dis131i.~ dnd J cciilcr point UJS iocdtcd o i l  thc J r L  The 
centcr u~ints Kcre thcn connected h i t h  J siiiootli h u t  
rcason.tbI\ dccuratc curvc tor tho lcvcl 01 activin desired 

Additional Data 

Tile most iiiimedidtc result froni hdving constructed tlic ISO 

curie contour lines was the need for additional soli samples 
to  be taken east of thc Rocky Flats plant In December o f  
1970 after an interval of five months Thc Rocky Fhts  
Hcalth Ph\ sics Department saniplcd and andlyzed soil 
from 38 new sites The samples were taken on pnvatc 
property between the Rocky Flats boundary and indidna 
Avenue and on both sides of the access rodd leading to dnd 
from the plant Radial distances from the barrel stordgc 
area were determined and the new analyticd data were in 
corporated into the model for isocurie contour lmes As a 
result the uocurie contour lines were recalculated usmg I73 
sod sample analyses Figure 7 2 shows the most accuratc 
outline to date of plutonium in soil in and beyond Rocky 
Flats 

Froiii .cwip~riwii tlic isc’curic contour lines in Figure 7 1 
oiittwti\t C c i i i i o u r \  III tlic c ~ c i  m d  ToutheJst JqpcJr ncii 

io halt c l i ~ n ~ ~ c l  I I I  C o ~ i i r ~ s t  t o  tlic oiitcr lcvcls t h L  regions 
H l i i c h  .ire des,ribcd h\ lcvcls ( i t  plutonium I L I I V I I ~  irom 
ZOO0 ‘1 ( i/hiii- t c i  ; t0 ni< I Lm’ (Irom 444 4 diiii c dr\ 
ml to i7 8 d ni l& dr\ soil) sliow d slight eastcrl\ migration 
I t  is leli t h d t  thc iiiigrarion mav kc duc to thc gradu~l 
dissipation 01 olutonium contdniination which is near thc 
barrel storage area The area within the 1OOO mCillim2 
contour which activitics greater than 2OOO mCi/km2 
did not change significantl\ This mav mply that the release 
ol plutonium from the barrel storage area is now negligble 
I t  is also possible that thc gradual dissipation of plutonium 
from within the 2OOO mCi/kni2 contour may cause con 
tinued dispersion of plutonium at reduced activities 
particularly within the IO00 400 and 350 mCi/km’ con- 
tours 

In general the contours were less extensive in everv direction 
except lor two locallzed regons of plutonium activity 
The first has aIrcJd\ been described (the IOOO. 400 and 350 
niCi/hm2 contours beyond the Rockv Flats boundary) 
Thc second is the protruding finger of plutonium activity 
in Sector 1 A of Figure 7 2 The activity resulted trom a 
relatively high value reported in a soil sample taken nedr 
Walnut Crech j u s t  north of the plant The protruding 
contours did not change significantly from the initial study 
but appear exaggerated because the contours rn the adjacent 
sectors die less ektensive 

To better dctinc the prcscnt isodosc contour lincs additional 
soil smiplcs H dl  be tAen on privatc propertv southedn at the 
Rod,\ F l ~ t s  boundsn t i in  3rd Standlcv L h e  dnd the upper 
dnd Iwcr  Tuin L J ~ S  Also soil wnples & i l l  be tkcn jus t  
north ot the R o d \  F lats plant near Walnut CrceL which 1s 
iiorthcJst o i  rhc pluttiniuni process rccovcrv complex on 
Atomic Encrp Commission propert\ 

Quantities of Plutonium 

The burden 01 plutonium in soil inside and outside the 
Rockv Flats boundary was determined mathematically by 
applying integral calculus to the equations used to project 
plutonium activity The total quantity of plutonium 239 
dispersed in soil other than that contained by the asphalt 
pad was calculated to be 14 3 2 2 0 grams 
is over 8 35 km2 o f  land (2063 acres) The quantity 
of plutonium-239 mside the Rocky Flats boundary is 
6 7 f 0 4 grams over 2 77 km2 of land (672 acres) The 
amount of plutonium-239 on public and private property 
is 7 6 f I 8 grams over 5 63 km2 of land (I391 acres) The 
quantities of plutonium were calculated by integrating the 
areas between the ZOO0 mCi/km2 contour and the 13 
mCi/km2 contour The 13 mCi/km2 contour was the 

The dispersion 
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111111111111111 k \ \ I  i l ~ l l ~ i l l c l c l l  1 l l i ~ l l l l \  t l L \ t l l l d  1111\ 1'\11 

CI id11 I I I L  IL L I I  11 I L L C I O I I I I J  I I L I I  I\  1 I ) i ~ t l i  I I I I (  I hit1 

TIIL ~ I ~ I ~ I U I ~ I  01 pIiitoriiui11 S I  . I 1  W J S  d~pi)\itid (bit I I I L  U I I I  
ot tlic hdrrcl \iorJgc arca 15 L.,ini itcd to hc. J h o u t  hi 2 1  I I I I \  

Considcring thc iiidxitiiuiii q u n i i t v  of p l u t o n i u n i  111,rr IIIJ\ 

hdvc been dispersed i t  is pouible that about 8U,; c ) l  this 
aniouiit of plutoniuni is still J I  ihc harrcl s t o r q c  irca 

A conipdrison ol thc quJntit1i.s ot Pu 239 per sector ol 
thc outline in Figure 7-2 shows tlidt Scctoi 3 B has thc 
grcdtcst hurdcn 01 plutoniulii per Liii' ot land Tile 
vduc I\ 3 55 +O 0 1  gms/hni- SCctor I A C ~ I I I  11115 

3 I 2  50 91 ~ i l i S / k i l l ~  

As a Iin 11 cstiiiidtc of I I I C  qitJniitv 01 plutoniuili which 15 

dispcrscd in soil east 01 thc ROLL\ Flats houliddrV thc 
burdcn 01 plutoniulii pci coniour oufsidc the houiiddrv IS 

pvcn in Table 7-1 

TaMo 7 1 Quantities of Plutonium Per Contour Outside the Rocky 
Fiats Boundary 

A8-rrge'. 
Ac 11% 118 Pu 2 3 9  4 r c  I 4 m l g  

in mCi/km in GrJiii- in hm I)r\ Sui1 - 
2000- IO00 
1000-400 
400 350 
350 100 

100-50 
50 20 
20-13  
1 3  I 
TOTAL 

0 02 
0 I I  

0 02 

I Oh 
I 0') 
I ' I h  

I 3 0  

I 

i w 
I 3 1  

&I7 

40 
16 

7 

4 ,..* 

. In the c.iicuiJtion\ 1hJt r i m \  

froni d/m/cm t o  qurntttr ( I  -1uriinium in CrdmS i t  I\ r\\umrd 
that = e  Jrt Ioohine JI thr 
of the di\trihution of iwturc. in Horh) I I i t \  plutcinium t h r  

rrdionielrir counting drtr w i l l  rield slighhtlr hirher %rlue\ 
assumption that we are mrhing in the crlcul'~tions of the I c ~ t r t  

plutonium inveiitorv will pi8c a result in grams thJt is \Iightl\ 
hiphrr thrn thr JLIUJI gramdurntitv lound in thr swl 

"Assuming J densitv of drr r~i l  of I grn/cm' 2nd J sciil \dinpie 
depth o f  I cm 

'w*Hackgruund plutonium ~ t t i 8 1 t )  i s  considered h\ the Horkv I Id15 

Health I'hvsics Department to he 0 2 d/m/g dry soil 
Colorado 1)epartment of Hcdth has on record r background 
activifv of from 0 04  d/m/g 10 0 1 1  d/m/g dr8 sciil 
Appendix B for an estimate of backeround using the tIASL d a t ~  

I I ~ I L  plutcinium Jnd\ t i r r l  4.11~ 

utc ,%luIcinium 23Y i~o lo lw HLLJUIC 

Thl\ 

Thc 

SCL 

How the Dispersion of Plutonium in Soil was 
Estimated 

Thc mctliod ot ledst squares' WJS uscd JS J nicans to pro 
jcct  plutonium Jctivtty given a set of soil sample data Thc 

'0 D Mccrdcken and W s norn NUmerlCdl Methods Jnd 
FORTRAN Programming John Wiiey and Sons Inc New York 
1964 p 261 

K FP-I NV- IO 

To dcnionstrdtc tlic cllcctivcncss oi the iiicrhod consider 
the lincdr equdiion 

d = a + br. ( 1 )  

WC Hhh to USC I-qUJtlOn ( 1)  t 0  LUWc f i t  d St'[ Ot S o i l  
sdriiple datd Froni dpplying the nicthod of lcast squrres 
to kqUJtiOii ( I )  norindl cqudtions in thc form o f  

a n + bCr, = Cd, 
and 

aCr, + bCrf = Z r f d i  ( 2 )  

cJn he dcrivcd tlcre a and b .irc thc conmnts  to bc solved 
rl ,ind d, hi I = I 2 II drc the radidi distdnccs in kilo- 
IilctcrF troili  thc bat rci stordpe drcd and the radiodctivc 
dougcs in til( t/hiii* rc4pcctivcly Jnd n is thc number 01 
wnlpics '%)ivinr kqudtion ( 2 )  for thc Constdnt d results with 

nZr, d, - Zr,Zd.  
nxr: - (Zr, 

b =  

\ow t q u ~ t i o n  ( I )  hcconics nic.uiinplul iii t h a  t l i ~  
Loiistants ~ J V L  bccn dctcriiiincd I roni ihc varioirs suliimaticm 
Jnd product\ ol tlic soil uiiiplc data Fquation ( 11 can be 
uscd to project plutoniuni activity bv stinplv coniputing thc 
distancc to  corrcspond to sonic V J I U C  d Linear tunctions 
however do  not  readily exprcss soil sdmple results Therc 
torc mdny possible equations including nonlinear functions 
which Jrc solvable by thc least-squarcs niethod wcrc tested 

Table 7 2 gives thc equations wliich wcrc progrdmmcd and 
uscd in a digital computer to curve fit soil sample ddta The 
results wcrc immediate Four hyperbolic equations (tliosc 
equations indicated by an asterirk) were selcctcd by the 
computer to be thc most effective equations By evaluating 
distrete scts of data, hyperbolic equations were readily 
dcrivcd for thc dispersion of plutonium in soil Sets of 
sod sample data were obtained by dividing the sod umple  
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Mdp sectors were nude tn o r t p u t i n g  lines at  the barrel 
storage are4 then cxtendiiig the lines Jcross the ~ J C C  01 t l i ~  
niap The si/e of a scctor was nudc to  dcpend upon the 
dispersion ot the points and to niorc o r  less tollow I spccific 
drrcction e.g Sector  I is tlie northern sector I t  tlic 
nunibcr of points in a sector werc too nuiiieroiis o r  tlic ddtd 

too poor to successfully determine a workdhlc cquJtioi1 
then the sector was subdivided into two pdrts and .I scciuid 
attempt dt curve titting the ddta was nude The hypcrbolic 
equations used to constrwt  the isodose coniour lines 
shown in Figure 7 2 arc summarued in Tdhlc 7 3 

Table 7 2 Equations Programmed to Evaluate Soil Sample Data 

1 unction 

d=a+hr 
Y d=a+hr 

d'=a+br 

d=d+br+cr' 

d=a+br 13 

d' =d+hr 

d=a+b'' 

d' hr 

I 

d=J+h In(r+l I 

d-J+h In(r) 

d = l /  (d+b In(r)l 

d=dehr 

d=aebr' 

d=aebr/r' 
dZe(a+br+cr' ) 

d = j e b / r  

d=aebr/r 

d=aebr' /r 

d=arb 

d=a+b/r' 

d=a+b/r' 

d=d+h/r' 

d=a + b /r' 

d = l  /(a+br) 

d' =a+br' 

d=r/(b+ar) 
d=r/(a + br+cr )' 

Tvpr 

*The most effective equattons 

linear 

parabolic 

paraboltc 

paraholtk 

cuhirJI pJrJhllitc 

Luhtc 

q u ~ r t t ~  

qurrccc 

IopJrilhnllr 

IciCJrithml~ 

inverse Ioerrtthrnic 

ex ponent IJI 

exponent 1.11 

exponencial 

exponential 

ex ponrntlal 

exponent UI 

exponential 

h y perbol tc 

hyperbloic 

hy perbol ic 

hyperbolic 

hyperbolic 

hyperbolic 

hyperbolic 

h y perbnlic 
- 

nrsuils 

poor 

poor 

rejet ted 

pcmr 

poor 

rejected 

poor 

rrlc L I L  rl 

poor 

poor 

poor 

poor 

poor 

poor 
poor 

possible 

possible 

possible 

p o w  ble 

usahle 

uwblr 

uslble 

uwhlr 

poor 

rejected 

poor 

poor 

is cither 1 2 3 o r  4 Thc value 01 h I S  data artented to 
p r e  the best rcsulrs For e\ainple it soil samples ShiCh 3re 
rdken near the bJrrC1 storage d W J  show h i d l  concentrdtions 
01 plutonium .ind the conccntrdtions diminish rapidh with 
sod sdmples tdcn turther a w ~ y  from the h,irrel stordge area 
then tlie dispersion of plutonium can best be expressed b\ 
k = 3 o r  k = 3 On tlic other hand t i  the concentration 
diminishes slowlv m d  is constderdblc s.~y at two hilomrters 
Iron1 the bdrrcl storage drcd then h = 1 or h = 2 gives the 
hcst vdlues of d Ftnallv, if the dosage IS so insignificant 
that d does not appear to mcrcase or decrease over J given 
radial distance r then k = I 

~~~ -~~ 

TaMc 7 3 Plutonium Activitv d JS J Function of thr R d u l  Dtstane 
r from the Barrd Storage Area p.r Sector of the Contour 
Map of Rocky Flats 

Sector 

I A  
I H  
2 A  
2u 
3 A  
3 1) 
4 \  

4 H  
5 
6 4  

0 13 

H 
v 

10 

I 1  
1 2  

No of General Direction 
Points of the Sector - bqnctton 

5 
1 

I 2  
7 

I1 
I S  
I S  

I !  
I 7  
6 

5 

I I  
Y 

12 
8 
1 

IJ 

N 
N 
NNL 
NE 
TNF 
F 
L 
LSF 
SL 

SSC 
5 
S 
si\ 
H. 
H 
NH 

si- 

Considerable effort was spent in determintng the value of L 
and hence, the hyperbolic equation to  use for each sector 
of the map This is due to the fact that sod sample data 
are complicated and difficult to evaluate In all cases 
calculated values of d were compared t o  the actual soil 

sdmple results B k  assuming that high concentratlons of 
plutonium are limited to  a localired region and that the 
dispersion of plutonium in sod diminishes with greater dis- 
tances from the barrel storage area it was possible 10 select 
the value of  k based upon the nature of the data The 
activity of the bariel storage area which was estimated to  b e  
about 3 7 X IO5 mCi/kmZ was also used as  a point source to 
determiiie k 
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How the Effectiveness of the Curve Fitting Method 
Was Estimated 

T l i C  JddltIOllJ~ SCJ I~  sdlnplcs probided b\ Tilt. Koch\ PI 11s 

1 i C J l t h  PhVSlcS Dcpartnienr wcrc Used 1 0  CSf  I l l lJ lC  Illc 

elfec~iveness ol the curve fitting niethod This W J S  donc 
by coiiiparing pro~ected valucs of dose to tlic J ~ I U J ~  soil 
sample analyses T d b k  7-4 yves the results l o r  all 38 
saniplcs I t  can be seen that some of the largcr doses were 
underestimated by the model uscd prcviouslv wliilc J I  

Table 7 4 

Map 
Site No 

The Comparison of Protected Plutonium Actwitv to 
Actual Soil Sample Results 

Dose in 
mCilkm’ 

Rojected 
Value. 

Value Using 
the Present 
Contours.. 

E IO7 
B-11s 
B1 I 6  
El I O  
5108 
E 1 0 9  
E l 0 5  
El 17 
U-106 
E l 2 6  
El 13 
5 1 1 8  
5121  
El 14 
8 1 0 4  
a 1 2 5  
8 1 2 0  
81 I ?  
R 123 
E l 2 7  
E 1 2 8  
E l l l  
E l 2 9  
E1 30 
E131 
8 1 3 2  
El 33 
E l 3 8  
El 34 
El 36 
B 137 
51 35 
E l 2 3  
E 1 1 9  
B 102 
E103 
B 122 
El01 

1397 2 
772 2 
564 8 
414 4 
369 4 

324 4 
262 4 
252 9 
212 0 
1994 
127 8 
1120  
I03 0 

76 0 
73 8 

56 7 
5 5  8 
54 9 
49 0 
4 s  0 

32 x 
26 I 

2 1  6 
I I  7 
I I  4 
I 1  I 
I I  0 
I O  9 
IO 8 
I O  8 
I O  8 
I O  7 
8 6  
7 6  
7 2  
5 8  
3 6  
3 2  

769 8 

406 S 
394 9 

418 8 
769 8 
368 4 
341 9 

244 3 
428 I 
61 2 

201 v 
332 7 
100 5 

229 5 
I ?  2 
50 7 

1004 
192 0 
39 5 
61 2 
69 0 

6 4  

12 8 
27 8 
28 9 
30 2 
30 9 
46 0 

31 8 
26 3 
25 9 
26 8 
53 2 
81 5 

5 4  
8 8  

42 4 
3 4  

-627 4 
-365 7 
-169 9 

4 3  

400 4 
44 0 
79 5 
- 8  6 

216 I 
-138 2 

74 1 
220 7 

- 2  5 

I S 7  5 
-61 h 

-6 0 

44 h 
137 I 

0 q  

I h  2 
36 2 

-19 7 

s i  2 
16 I 
17 5 
19 I 
19 9 
35  I 

2 1  0 
I S  5 
IS I 
16 I 

44 6 
73 9 
-1 8 
3 0  

38 8 
0 2  

I O 5 0  
546 
362 
380 
703 
338 
181 
22 3 

242 
Th 

92 
30 I 

89 
514 
41 
6 C  

94 
A 7  
62 
5 8  

56 

21  
63 

14 
14 
I 4  

15 

38 

18 
21  
26 
27 
22 
32 

8 
9 

18 
8 

Based on model using data obtained earlier 

**This model uses the additional sod sample data along mth that 
obtained earlier 

In evaluating all of the sod sample data, which follow 
Tdble 7 6 an attempt to simulate the natural conditions 
which spread plutonium UI sod was not made Wind direc 
tion and velocitv were nor considered, neither were natural 
washes in the toothills which ddutc or accumulate plutonium 
concentrations The source of plutonium in the sod was 
assumed strictlv 10 be the barrel storage area Other sources 
such as stdek effluent, world-wide plutonium fallout, and 
the September 1 I ,  1957 fire were not considered 

How Quanti ties of PI u ton iu m were Determined 

The quantity of plutonium between two levels of plutonium 
activity was determined b\ integrating the arca between 
the two levels The levels were drawn by first selecting a 
s p e d i c  activity for each level with one level being closer 
to the bdrrel stotagc area than the other Figure 7-3 shows 
the two levels for any sector of the soil sample map of 
Rockv F h t s  The element of area dA between r l  and r2 IS 
the area to be intograted Regarding the element of area 
dA JS J rectangle its arca w d l  be the product of a pair of 

Figure 7 3 The Element of Area dA in Polar Coordinates. 
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tiiiecr.iIin= tqudtioii ( 3 )  with respect to dt Jild dO U l \ . ~ . s  

x =J, e Jr12 r d r d  9 

The dreJ A will bc 111 u11it5 ol hiii' 

TO determine the quantity of plutonium over the area A 
the integrand of Equation (4) is modified to c o n t m  the 
hyperbolic tunction which gives dose ds J function of r a d i ~ t  
distance r I t  is stated JS 

where 0 = the qumtit}  ol Pu 239 in niillicurics Lsing 
IllC JctUSt h\ pcrhoiic cqudtion tqUJtlOf l  ( T  becoiiics 

The Jrc.. ( 3 1  L d i  sccit)r \\as iniecrJtrd t ro i i i  I I I L  iiia\t y i t i t i i  

plutuni- -1 ~ , t i v i t \  oi 2000 niCt Lm' to i t i L  t i i in i r i iu i i i  P I L I  
toniutii 4c~t\ttv  01 I 1  in( I,btii' Thc partial c i t i . t i i t i i i c ~  01 
plutonium were thcn SuiiitiiJwed t o r  the total d i s p e w d  
over tlic 3re3 of tllc contours I n  soil surrounding th: 
RoLky Flats plant there arc 14 3 g r a m  ot plutonium 230 
The quantit\ of course extends from tlic 2000 inCi kin' 
level The ared affected is 8 35 h i '  or dbout 2063 J c rCS  

I The integration was extended to determine the quantitv 01 
plutonium inside and outside the boundary of Rock\ Flats 

public and privdte property Figure 7-4 shous 3 sector being 
I These cdculdtions give the burden ot plutonium in soil on 

I divided bv the boundary 

T h e  area inside the boundary was determined by subtracting 
the area of the shaded trim&? froni the element of area 
dA The tnangie was formed by striking an arc at the 
junction of the boundary and one side of the Sector 

Programmed for the digital computer 

L b a r r e i  srorage area) 

Figure4 The Elernmt of Area dA Olv8d.d by tho 8oundary Of 

Rocky Flats 

The ared 01 the shaded triangie was determined from the 
cdlculus The f1brnul.i is 

R 
r d r d  9 .  

(7) 

L - 

where A, = thc. J rCJ  in Ani' 
R = the lunction radius in kilometers, 
Y = the perpendicular distance of the Rocky 

Flats boundary in kdorneters from the 
barrcl storage area 

By modifying Equation ( 7 )  the quantity of plutonium in 
the shdded trimgle is determined by 
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Wow Probable Error was Computed 

TIIL c ~ r c ~ l ~ ~ i o ~ ~  0 1  prob,ihlL m o r  w I \  ,Am ds ncccsurv 
I’kJburC 1 ( 1  d~lcriii iric t t i ~  I l l J \ i l l l 1 l ~ l  dnd rniiliiiiunl qudntities 
01 nluioniuiii iii \oil Proh.iblc crror IS detcriiiincd b\ the 
vdridtion 111 soil uiiiplc d ~ t ~  dnd can he .alcul&tcd dircctly 
I ro i i i  what 15 hiiown tlic normal Ian c’t error Thi\ con 
ccrns prinidrilv the standdrd devidtion ol eJch 01 the teav 
squdres constants a and b of the gcncral equation =“‘J d r  

b 
d = a + F .  

Tlic junctioii rddtus R thc andcs 0 ,  dnd o2 diid tiic per 
pcndicular distdnce Y drc ,111 measured t o r  d sector 01 thc 
1 i i . 1 ~  tquat ion ( 0 )  therefore gives the qudiitity ol plutoiiiuiii 
in tlic dcslribcd tridngic of the scctor By considering In 
the s~iiic IiiJnncr e d i  sector thdt is dividcd by tlic Rock) 
Flats bounddry pdrtial quantities of plutonium werc de 
termtncd insidc dnd outside the boundarv Finally thc 
p ~ r t i a l  qudntities werc suniindriml The qumtitv of plu 
toniuni 23q inside the boiinddn oI the Rochv Flats pldtit 

I r o n i  thc plutonium dctivitv level ol 2000 niCi/hm2 was 
c d l c ~ l ~ t ~ d  t o  bc 0 7 grdiiis Thc 4rc.i ol ldnd dflcctcd is 
2 72 hiii’ which is dbout 672 dcres Bcvoiid the bounddn 
on public d n d  priv itc propertv up t o  the I Z iiiCi/hni2 lcvcl 
thcrc Jrc 7 0 grdiiis 01 plutonium over 5 0 1  hiii’ 0 1  Idiid 
which is about I W 1  x r c s  

From [tic defining c q u ~ t i o n  for probable error2 the standdrd 
deviation S, of the constant J is determined by 

S‘  

3 
X 

and thc  standard devldtion Sh ol tlic L o n s t a i i t  b is determined 
h\ 

s, = 

3 

( I t ) *  

n 

.c+- 

Tabla 5 Quantities of Plutonium 239 Per Contour East of the 
Rocky Flats Boundary X 

n - 2  

- Area 
in km’ 

0 02 
0 I 3  
0 05 
I 06 
1 09 
I 98 
I 3 0  

- 
2 3 9  Pu 

in Grams 
Act wit y 

in mCi/km’ 

Here r, and d, for I = 1, 3, 
in the set of data 

n data points are the data points 
2 0 0 0 -  IO00  
I000-400 
40@3SO 
3 5 0 - 1 0 0  
Io0.SO 

50-20 
2 0 - 1 3  

0 2 9  
1 2 s  
0 32 
3 i o  
1 2 6  
1 0 4  
0 34 

’A G Worthing and I Geffner “Treatment o f  Experimental Data 
8 t h  ed John Wiley and Sons Inc New York 1 9 5 9  p 2 4 9  

- 
Programmed T o ,  the digatal computer 
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Q = %Ir2 $ + eaLr2 rdr 
r. L I 

whiLh is the expression for the quantity 01 plutonium in .I 
p e n  sector of the soil sample map By the m i e  token 
the variance S2 (Qt) in Qr the qudntity of pluioniurn in .I 
described triJngle is gven by 

-L"[ b / A  - r dr 
rk Q. - 

X 
'm 

Finallv, the standard deviation S for some totdl quantity of 
plutonium c g the total quantitv of plutonium outside the 
Rocky Fiats boundary is determined by combining the 

1 .  

Tlic c d l ~ u l ~ t i o n s  t o r  probable error p\e the result Q 5 s tor 
quantities of plutonium This means that inside the Rockv 
Flats bounddry there arc 6 f 0 4 grams of plutoniuin-239 
The burden of plutoniun~ ourside the Rocky Flats boundary 
on public ~ n d  private property is 7 6 ?r I 8 grams The total 
to be cxpccted is 14 3 2 2 0 grams ot plutoniuin-139 

The matheimtical methods used to determine probable 
error arc based entirely on the soil sample data No attempt 
Has iiude to Lonsdiddte the svstematic errors to be ex- 
pected from the rJdiachemicdl analysis of the sod nor the 
error involved in determining the general location of each sod 
sample from thc barrel storage area For the calculations 
for probable error the soil sample data were assumed to be 
unbidsed and t o  tollow a normal distribution about wme 
mean 

Specific Activity, Density of Soil, and Conversion 
Factors 

The specilk ~ ~ f i v ~ t v  01 dn\ rddiodctivc isotopc is defined 
JS g h where g IS rhc numocr 01 dLtlVC nuclci per unit 
weight ot the isotope and A is the decay constdnt The 
dccab Lonstant is given b) 693/T where T is the a particle 
half life ot the isotope For plutoniuni 239 the specific 
activity is calculated to be 

Sp Act,,, = g*X 

= [6.02"110'~~~.] 
239.052 

- ' Programmed for the digital computer 

J -  Yr 

, 

dis 

2.436~10~ yrs 3 , 1 5 6 ~ 1 0 '  sec 

gm sec 

11 .693 

= 2.270~10' 
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TIic 3 c ~ i b i t \  01 thc barrcl rtordgc NCJ was dcicrinrncd Jnd 
urcd 3s 3 pciiiii wurcc to  t~cilitatc tlic cvaluaiioo 01 s o i l  
umplc d a u  Frorii an esuiiiatc 01 ~ h c  contmiin3icd WSIL 

tlidt U J S  once stored in barrels over ihc arcJ tlic .initrunt (it  

plutonium lost is considcred to be ~ h o u t  85 crmis ( on 
sidering the ilialor isotope (Pu 239) tlic activiiv of thc 
barrel storage arc4 i n  inCi/kin2 bccoiiicz 

85 gms ] 
ft” 

Act  = 

1 m C i  

Quantities of plutoniuni 239 in inillicurics can bc converted 
t o  quantitws in grams by the relationship I gram = 61 35 
millicuries Thls is determined by 

1 2. 27x109dis 
gm sec Sp Act,,, = 

L J 

= 61.35 mCi/gm Pu-239. 

Measured concentrations ol plutonium in soil .ire given in 

units of d’m/g dry sod or disintegrations per minute pcr gram 
of dry sod To convert from d/m/g dry soli to units of 
actrvity per area or to millicuries per square kilometcr 
the density of the sod and the depth of the soil sample must 
be considered The relationship is 

1 dis mCi 
d’m’g = [ gm-min] [3.7x107d~s/sec 

[ m i n  3 ~ O E  cm2 ] ph 
60 sec 2 

or 

1 d/m/g = 4 . 5  ph mCi/km2 
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To con\ert thc s(\d smipi: matvw, The RoLhv Flats 
Hcdlth Physics Department used a density of 1 gm/ cm3 
dnd d soil  sample depth or 1 centmetcr The additional 
sod samples obtamed in December of 1970 were actually 
taken to a depth 01 1 centmeter Previous soll samples, 
however, were taken t o  depths rangmg from 3 to  5 centi- 
meters These samples were obtamed between August of 
1969 and June of  1970 

The Colorado Committee on Environmentdl lnformation 
used a density of 1 gm/cm’ and a soil sample depth of I 
centinieter Their soil samples were also taken to  a depth 
of I centimeter, but UI August of 1969 

Finally The Health and Safety Laboratory USAEC used a 
denuty of 1 1 gni/cm’ dawn to a depth of 15 centmeters 
and a density of 2 4 gm/cm’ below I S  centimeters For 
the most part, the sod samples were taken to a depth of 
20 centimeters ’ Appropnate calculations were made for 
the Lhanges in sod sample depth The sod samples were 
obtained m February of 1970 

The accumulation of plutoniuni is affected by its vertical 
distnbution in sod For the puqmsc of converting data 
in this study and except ior the HASL soil samples, the 
disperaon of plutonium was  assumed to be within the first 
centimeter of topsoil 

To demonstrate [hc trace qudntities of plutonium that are 
Jssociatcd with the levels ot activitv used in the study. the 
lcvcls of .ictnity werc conberted to grams ol plutonium 
using tlie specific activitv ot plutonium-239. a soil sample 
density of I gm/cm3 and a s o i l  sample depth of 1 centi- 
meter Tlic results are given in Tdble 7-6 

2000 444 4 
io00 122 2 
400 88 9 
350 I7 8 

100 22 2 
50 l i  I 
20  4 4  

3 2 6 X I O ’  
I 63X 10 
6 54X 10 ’ 
5 72X 10 l o  

1 6 3 X I O “  
8 16X IO-’ 
3 24X 10 ‘ 

3P W h e y  and F- P Hardy “Plutonium in Soil Around The Rocky 
Flats Rant 
USAEC. New York I A u m t  1970 

HASL-235. The Hula and Safety Laboratory 

27 



Soil Sample Data 

The Rock.\ F l ~ i s  Hedth Physics Results 01 Soil Sdniples 
Tdhen August I909 -June 1970 on Atonia E n q v  
Commission Property 

MJI, Sit‘ 
Pu Activity 
in mCilhm2 

Pu Activity in 
JJmlg I)ry Soil 

<r I 
G 2  
G 3  
G 4  
G S  
G 6  
G 7  
G-9 
G IO 
G-l I 
G 12 
G 13 
G 14 
G I S  
G 18 
G-19 
G 2 0  

20 7 
3 3  3 

2 7  
13 I 

17 6 
270 9 

9 0  

2 7  
I8 0 
9 s  
5 0  

14 9 
373 5 

2128 5 
5 4  

3 5  I 
I377 0 

4 6  
1 4  
0 6  
2 9  
3 Y  

6 0  2 
2 0  
0 6  
4 0  
2 1  
I 1  
3 3  

83 0 
4 7 3  0 

1 2  
7 8  

306  0 

2 2  
(, 2 3  

c, 2 5  
G 26 

G 27 
G 28 
G 29 

G 30 
G 31 
G 32 
G 3 3  
G 34 
G 3s 
L 36 

G 37 
G 38 
B 18 
B 19 

B 2 0  
B 21 
B 22 
B 23  
B 24 
B 30 
B 32 
B 33 
B 3 4  

1431 0 

J n  6 
396 0 

6 3  
8 1  

39 6 
1 1 7 0  

7 2  
8 6  

26 I 
IO 8 
9 0  
9 0  
s 9  

3 2  
0 9  

6 3  
6 3  

I O  4 
I 3  
6 3  
6 8  
6 8  
5 4  
5 4  

69 8 
16 7 
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3180 
i o  m 
88 0 

1 4  
1 8  
8 8  

26 0 
1 6  
1 9  
5 8  
2 4  
2 0  
2 0  
1 3  
0 7  
0 2  
1 4  
1 4  
2 3  
0 3  
1 4  
I S  
I S  
1 2  
I 2  

I S  5 
3 7  

The Rock\ Flats Health PhysiLs Results of Soil Samples 
Taken August 1969 -June 1970 on PubliL and Privdte 
Propert\ Mithin d SIX Mile Radius of the Roclv Fldts 
Plant 

MJp CilZ 
I’u Activity 

in mCi/kmz 
Pu Activitt in 

d/m& Drv Soil 

B l  
8 2  
8 3  
8 4  
8 6  
0 7  
B 8  
B 9  
B I O  
B I 2  
E 1 3  
E 1 4  
El S 
E l 6  
E l 7  
B 25 
E 2 6  
5 2 7  
E28 
5 2 9  
E 3 5  
5 3 6  

3 8  
1 1  

4 5  
4 3  
2 3  
4 1  
o s  
5 0  
I 8  
9 0  

1 8  
o s  

I I  7 
4 3  

27 9 
2 3  
9 s  

11 3 
5 4  
5 0  
2 3  

0 5  

0 8  
0 2  
I O  
0 6  

0 5  
0 9  

0 1  
I I  
0 4  
2 0  
0 4  
0 1  
2 6  
I O  
6 2  
0 5  
2 1  
2 5  
1 2  
I 1  
0 5  

0 1  

E 3 7  
B 38 
E39 
R 40 
U41 
8-4 2 
B-43 
B 44 

B 45 
t3 4 6  
B 4 1  

E4 8 
8 4 9  

B SO 
B 51 
B S2 
B 53 
E 5 4  
5 5 5  
8 5 6  
5 5 7  
B 58 
B 59 
E60 
B 61 
E 6 2  
B 6 4  
0 6  S 
E66 
E 6 7  
868 
E7 I 
B 7 9  

3 2  
3 6  
8 1  
3 6  
o s  
4 1  
9 9  

2 7  
12 2 
O S  
5 4  
3 6  
5 9  
3 6  
9 5  

I7  6 
6 3  
3 2  
3 6  

37 8 
4 1  

20 7 
3 6  
5 0  
9 0  

2 0  7 
14 9 
5 0  
5 9  
6 8  
6 3  
4 1  
0 9  

0 7  
0 8  
1 8  
0 8  
0 1  
0 9  
2 2  
O h  

2 7  
0 1  
1 2  

1 3  
0 8  
2 1  
3 9  
1 4  
0 7  
0 8  
8 4  
0 9  
4 6  
0 8  
I I  
2 0  
4 6  
3 3  
I 1  
1 3  
I S  
1 4  
0 9  
0 2  

o m  
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E l 0 7  
B 11: 
El I 6  
B 110 
E108 
B 109 
510s 
& I  I 7  

B l o b  
E 1 2 6  
E l 1 3  
El I S  
B 121 
B 114 

5104 

1397 2 
772 2 
564 8 
414 4 
369 4 
324 4 
262 4 
252 9 

2 1 2  0 
I99 4 

127 8 
1120  
I03 0 
76 0 
73 8 

310 5 
171 6 
125 S 
92 I 

72 I 
S8 3 
56 2 
47 1 
44 3 

20 4 
24 9 
22 9 
16 9 

16 4 

a2 I 

It 129 
H 130 
R 131 
B I 32  
R 133 
B 138 
U 134 
I3 136 
B 137 
B 135 

B 123 
El I9 

B 103 
El 22 
B 101 

C f ,  - 
c -  x 
q.4 9 

49 0 
4 5  (I 

32  8 
26 I 

21  6 
I I  7 
I I  4 

I I  1 
11 0 
I O  9 
I O  8 
I O  8 
10 8 
IO 7 
8 6  
7 6  
1 2  
3 6  
3 2  

I 2 1’ 

I 2 4  

1 2  2 
I O  Y 

100 
7 3  

5 8  
4 8  
2 6  
2 5  
2 5  
2 4  

2 4  
2 4  
2 4  

2 4  
2 4  
1 9  
1 7  
1 6  
0 8  
0 7  

The Colorado Committee on Environiiiental Intornlation 
Results of Soil Samples Taken in August of 1969 on Public 
and Pnvate Property wthin a Seven-Mde Radius of The 
R0d.V flats PlJnt 

Map Site 

A 
R 
c 
1) 
1- 
I 
< 
H 
I 
J 
h 
L 
M 
U 
V 
H 
X 
Y 

I’u Artivitv 

in m( i/km- 

5 8  

60 8 
0 4  

O h  
I 3  
I 3  
I 4  

O b  
7 7  

5 2  
4 0  

0 5  
1 7  

I 5  
2 4  
0 2  
0 8  
1 9  

I’u Activity i n  
d/m@ I)ry Soil 

1 3  

111 
0 1  
0 1  

0 3  
0 3  
0 3  
0 1  
1 7  
1 2  
0 9  
0 1  
0 4  
0 3  
0 5  

<o 1 
0 2  
0 4  

The USAEC Health and Safety Laboratorv Results of Sod 
Samples Taken in February of 1970 on Public and Private 
Property within a Seven-Mde Radius of the Rocky Flats Plant 

Pu Activity 
H a p  site in mCi/km’ 

R I  
H 2. 
R 3  
n 4  
n s *  
n h* 

n 7 .  
H 8-  
H Y  

R I 1  
H 12 
R I3  
R 14 
H I S  
R 17 

H 18 

It 21 
n 19  

2 4  
3 1  
4 2  

I I  0 
IS 0 

1950 0 

480 0 
630 0 

2 6  

5 4  

4 7  0 
so 0 
I7  0 
IS 0 

14 0 

2 0  

8 0  
2 7  

Pu Actlvity in 
d/m/g Dry Soil 

Samples taken on Atomic Energy Commission Property 

<o I 
<o I 
<o I 

0 1  
0 1  

I6  0 
3 2  

<o I 
<o I 

2 1  
0 6  

<o I 
0 1  
0 1  

<o I 
<o I 
<o I 

- 
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8 CURRENT RADIATION LEVELS IN THE Table 8 1 Lab Analyses of Test Hole Samples 

OIL STORAGE AREA 

A gross g m n i J  survek U J S  perlornicd 011 the cntirc surtrlu 
of the dsphdt pad Data trom this survey were converted 
hom relame radiation intensities into integers and trans 
posed to a graphic scale tor evaluation Based on the results 
obtained b j  the gamma survey, four areas were selected for 
excavation soil sampling and analysis of the samples tor 
rad ioact ive cpn tam inan I s 

For t h e y  r3t mappinp tour 4 - r n ~ h  by 2 inch NaI(T1) de 
tectors arranged in 3 horiiontal array on 18-inch ceiiters 
were suspended from the rear of dn IHC Scout With 
detector faces approximately 3 inches from the ground, the 
detector output WdS monitored and recorded via a ratemeter 

> 

0 043 
0 0 6  
I 9 3  
I 1  
3 1  

3 2  
3 4  
2 4  
1 9  
2 6  
1 4  

3 n  

- 
-25 kg 

7294 
7065 
6nv3 
6503 
7334 

7797 
11242 
7056 
7520 
7450 
7162 

l a s o  

0 h 

O Y  
2% 
17 
42 
43 
41 
41 
34 
2 6  
3s 
2 0  

I 4  - 2  
I4 2 t  
I4 -4 

14 2q 

14 26 

14 27 
14 28 
I4 2') 
I4 30 
I4 31 
I 4  32 
14 33 

<u 01 
<OA I 

0 12  
0 07 
0 I S  
0 I S  
0 14 
0 14 
0 I I  

0 15 
0 0 9  

o on 

17 I 1  co 01 0 06 o a  
I 7  I 2  7978 
17 13 7750 
17 14 7585 
17 15 7369 

strip-chart recorder and the vehicle traveled dt J slow and 
constant speed The entire Pad was scanned in 6 foot 
increments with a 9 to IO- inch overlap on CJch pdss 

18 0 07 1 4  
26 0 10 2 0  

0 0 4  0 8  I O  
6 0 02 0 4  
5 001 0 3  
7 0 02 0 5  
3 <o 01 0 2  
3 <o 01 0 2  

17 I6 

17 17 
17 18 
17 I9  

70'17 
7677 
732 1 
6949 

The strip-chart recorder ddtJ were reduccd by dividing the 
relative readings into integers from one to twentv-five and 
transposing these integers to d scale grdph The relative 
gross-gamma profile thus obtained is shown 111 Figure 8 1 
Thc numbers represent onlv the relative pniiiia-ray reddings 
at the pdd s ~ r t a c e  Edch integer increinent o n  the tigurc 
represents a change in counting rJte 01 I to 2 ' ,  As seen in 
the figure several high11 1ocJiued Jreas (shown 111 redl were 
found which diowcd y-readings signiticantlc above the 
general background T w  ot these labeled I7 2 I m d  
'25 in Figure 8 I were deeriicd hot spots that IS 

showed Jctivitv lcvels > I jf t dbovc the gcnerdl bdclground 
Another si;nificant teJture of thc profile is the Ixgc JreJs 
o t  siniilJr 3,tibitv levclc o\er ihc entire p d  

-6 kg 

8 378 
7a3 3 
757h 
6 '173 
7620 

0 01 
36 
70 
34 

2 5  

0 084 

2az 
5 30 
2 1 6  

19 

-1047 NQ 

0 023 
0 24 
5 5  

n i  
5 8  

780'1 

-3%\ 
73Ui 

739 I 
b582 

0 00 1 

0 0 3 3  
0 74 

I 1  
0 %', 

Additional verification 01 these g a r n n i ~  dct ivi tk  levels 
was provided by a surveb pertorrned by P H Dodd dnd 

R F Droullard of the AEC s Geophysicdl Brdnch trom 
the Grand Junction Office Utdving gamma rdv anal) 
sis equipment in a mobile laboratory designed lor 
uranium ore evaluation and modified for soil monitoring 
this survek made measurements at the "hot spots,' at other 
locations on the pad of f  the pad and north across the 
street The measurements indicated activity levels at the 
hot spots to be at least twice those elsewhere on the pad or 
off the pad Attempts to identitv the source of the anoma 
lies were partly successful Ratios of two gamma ray energy 
ranges (1 00 to 2 80 MeV and 0 600 to 1 00 MeV) were 
measured at several Utes The results showed a ratlo lower 
by a factor of approximately 2 at the hot spots This IS 

mterpreted to mean a slightly higher concentration of elther 
la9Pu or 23sU is contributing a higher percentage of low 
energy gamma rays to the natural activity levels 

-92 6 pg 

To quantitdtivelv evaluate the measurements taken on the 
pad similar gross gamma readings were taken at the pad 
and at several other site locations For these a single 
4 inch by 2 inch Nal(T1) crystal was placed on the surface 
and the counts recorded on a scaler-tlmer unit The new 
parking lot east of I 1 I Building. the 750 Budding parking 
lot and the asphalt in front of the 881 guard post gave 
sundar readings ot 13,000 to 16 000 counts per minute 
Furthermore, the asphalt in all areas including the pad 
counted 25 to 30% higher than nearby shoulder or 
gravel areas Pad readings were in the range of 15,OOO to  
16,000 counts per minute with the exception of areas near 
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F w m  8 1  R.ults Of Gamma Survey Of Asphalt Barrcer Showing Rdatwe Valuer (See text for explanation 1 
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and oii thc hot  spots Tlicrelore thc g~iiiii1.1 ,iwlilc 01 

thc pdd iiidicdtcs .I gcncrd lcvcl o1 dctit itv s t r i i r l ~ r  10 othcr 
dsphalt Jreds T ~ J I  the ~ \ p l i ~ l t  appcdrs t o  bc 25 W', 

Iiotter thdn nedrby grdvcl surtdces may be due to  J 

conLentration of nrturdl Urdniuni dnd/or its ddughtcrs 
which o c u r s  during the dsphalt productioii process I t  IS 

known that the front rangc shows a high natural uranium 
content in the soil Also i t  is noteworthy thdr  highwavs 
offsite in this area show y-rdy reddings similar to those 
found on a t e  Thus with the exception of the 'hot 
spots ' on t+ pad i t  appears that a sensitive measurement 
of the aspkdlt thickness may have been performed 

Following the y r a y  mapping. the two "hot spots were 
y-ray pulse-height analyzed in an effort to determine 
whether or not the activity detected was emanating from 
239Pu or natural/enriLhed uranium These efforts were 
unsuLcessful I f  plutonium or uranium were spilled on the 
original ground ldyer the y rdy emissions would have to 
penetrate 6 inches to 8 inches of gravel fill plus 3 inches 
to 5 inches of asphalt to be detected Thc low energy pluto- 
nium -y rays are severely attenuated A simple experiment 
was performed to  see if high-energy gamma rays could be 
used to distinguish between uraniuni and plutonium 
Spectra were taken using ( Nal(TI) detectors of natural 
uranium enriched uranium dnd -5 year-old NR plutoniuiii 
sources with 4-inch and 8-inch concrete slabs interposed 
between the wurces dnd detector The 5-yedruid pluto- 
nium source was Lhoscn to simulate the average age of 
plutonium rclersed in thc drum-stordgc drea There were 
no readily distinguishrble differences in the spcctrd 

I t  was then decided by the Committee to excakate four 
selected areas Areas No 14 acd No 17 represent the two 
'hot spots labeled '17 21 and '75 '* respectivclv in 

Figure 8-l Hole SW an area thought to be a iihely spot for 
plutonium. dnd Hole NC 3 possible "background' area 
The areas (2- to  4-sq t t )  were covered with a tent the 
asphalt removed and holes excavated Material removed 
was placed in I-gallon polyethylene bottles and sent to 
Building 88 1 Analyticdl Laboratories for analysis Digging 
was continued until the Nal(TI) and/or dphd monitors indi- 
cated background levels The holes were refilled with new 
fill material and reseded with asphalt 

The results of the wet chemicdi analyses are summarued in 

in Table 8-1 Holes No 14 and No 17 contained largc 
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imounrF ot deplctcd J r d n i L 7  R ~ s c d  upon thesc pcrcentdges 
wc removed 3pprinirndtel! 25 kg of depleted uranium lrom 
L\.o I4 dnd h hg t rum ho 17 A saniple from each hole 
wds y-rd! scanned w i t h  a Cr.C Li) detector and no evidence 
for plutonium w3s seen Holes No SW and No NC con- 
verscly showed no uranium but did show detectable amounts 
of plutonium The total plutonium removed from holes 
No SW and No NC was estunated from five analyses and 
therefore should be considered as only an order of magni- 
tude number These values are -10 mg for No SW and 
-200-300 pg for No NC 

In the summary the following statements can be made 
concerning the pad survek 

a The 7 ray rnapptng indeed detected areas of activity 
above "background" levels Two areas of slgnificant 
activity were located 

b The ymapping further showed large general patterns 
of similar activity These patterns may indicate actiwty 
on the old ground layer or may merely be a measure of 
the natural uranium content, and thus the thickness 
of the asphalt layer 

c Two of the localized activity areas which were excavated, 
No 14 and No 17. resulted from depleted urantum Thn 
was further evidenced by the presence of a very conccn- 
trated depleted uranium contaminated od layer at 18 tn 
and 30 in depth for holes No 17 and No 14, respec- 
tively (Table 8-21 

d Analysis of the four test holes (Table 8-1 ) showed little 
or no mixing between Pu and U Thus, reasonably rgid 
scgregation ot barrels must have been maintained during 
the 'Iitetinie ot the storage drcd 

e In no c.se W ~ S  activit) bund to be migrating upwards 
from the original ground level into the fill material 

4 inches to  15 inches below the origtnal ground level, appears 

f While activity in holes ho 14 and No SW extended 
several inches into the sod (Table 8-2), III all four cases 
no activity was found more than 1 in into the clay 
layer Thus the clay layer, which varies rn depth from 

to serve as a natural barrier to the further vertical migra- 
tion of the radioactive material 
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Table 8 2 Summary of Results 

I 6  000 <I6000 
i sw 

No 17 35 000 2 x  IO' 

'---.-- 

NC 16000 20 000 

so00 

2 0  000 

5000 

1000 

H licrc 
4 L  t 1% It \ 

I k t  r ct cd 
4~ IIVL I in 

H Jtrrlrl 

Ikpleted U originif 
ground 
hver 

I'U ciriginal 
ground 
layer 

Depleted U original 

ground 

PU origin JI 
ground 
layer 

VerttLIl 
1 hicknes\ 

of 
Activity 
Layer 
(inches) 

6 8  

4 6  

1 2  

<I  

16 

IS 

26 
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9 SOIL STABlLlZATlON i.tbili/iiig c\peririiimts6 ’ Jr i n  p r o p s 5  The Idlowing 
I S  rl re\iew ot rtie rcsults obidined during cv.tludrton of 
-heii i i~d soil hbilizers and ?he results of recent Lonibincd 
~ h e n i i c ~ l  and vegctdtive soil s13bil~3tion resemh 3 1  In orde- 1 1 ’  have 3n  additiond tool dvdilable during an) 

iuture Lont3~nination control and removal operations ROLL) FIJI:, 

and to  specifically assist in niinimizing resuspension during 
the remobdl of the sod under the asphalt pad a study of 
sod srabiluers in Rocky Flats soil was initiated 

bc‘neral intormdtion describing the three soil stabduers 
of interest is given in Table 9 I Evaluation o f  these 
chemicals has been conducted in test plots of varying 
sues all within the general ucinity of the asphalt pad 
(903 storage area) Figures 9-1 and 9-2 show the location 
of six plots utillzed to develop application methods and to 
evaluate the stabilizing qualities ot each chemical These 
plots were established between October and December 1970 

Several methbds exist for stabilizing fine-grained particles 
of soil or dust which are potential sources of air and wdter 
pollution Soil stabilization can be accomplished by 
physical chemical and vegetative methods or by coni- 
binations thereof 

I 

Stabdmtion by chemical and/or combined chemical and 
vegetatlve means can serve several useful purposes at Rock) 
Flats The following are some possible uses Table 91 G8mral lnfomr8ttOn On fhW Sot1 Stabtlui~ ChOfltidS 

1 lmmobduation of contaminated soil which might General Description 
Product Name Manu foc turer of Product result trom a ‘spill ’ 

Coherrx 0 Golden Bear Dtvisron 
2 Prevention of contaminated soil dispersion dunng Witro Chemical C n 

removal of the asphalt pad 

3 Enhance the establishment of permanent vegetation rn 
and around Rocky Flats 1 197: Douell Division 

4 Reduce soil erosion and subsequent propertv damage 
bv airborne debris during periods of high velocity 
winas 

Dow C hemiCJl u s A 

Evaluation of soil stabilizers has been in progress for 
apprownarely one year Preliminary results’ suggested 
that J-19’ 3 a product commercially avadable trom 
Dowell Dnision Dow Chemical U S A showed some 
degree of effectiveness in stabillting the soil when applied 
at a concentration between 60 and 100 pounds per acre 
It was recommended that further evaluation of J-197 
should be performed 

I 

A survey of avadable 
chemicals have been evaluated by the United States 
Bureau of Mines and others In addition to J - I  97, two 
sod stabdlzing products (Coherexo and P e n e p n m a )  cited 
in the literature are being evaluated at Rocky Flats Methods 
of application have been developed and stabdity tests have 
been underway for approximately 9 months ‘ 

showed that many 

Following preliminary evaluation of the three soil stabdi- 
zmg chemicals combined chemical and vegetative sod 

Non-volatde emulsion 
conssting of 60% remi 
liquid natural petroleum 
products and 40% wetting 
agents 

Poly acrvlamrdc a 
plastic material stmdar 
to surfactant chemical4 
and thickening agents 
contains 1’7 *tolet d\e  fnr 
marking purposes 

l’en‘prime- I nlprre i’etroicurn c I >  Asphalt Jzrivativr o f  
petroleum crude bottoms 

J 197 was applied at concentrations varying from 17 to 
75 pounds per acre (test plots 1 2.3,  and 6 )  A water 
solution of Coherex was applied to test plot number 4 
( 1  part Coherex to 4 parts water) at a concentration of 
0 5 gallons per square yard Test plot number 5 was 
stabdized with Yeneprine ( 1 gallon per square yard) 

To gain more experience on the feasibility of stabdlzing 
large areas of sod with varying surface features, a plot 
(number 6 )  about 0 9 acre in sue  was stabillzed Surface 
features included coarse gravel fine sod, and grassy areas 
A total of 7 ,500  gallons of J-197 solution was applied with 
a portable pump and fire hose The concentration of 
J-197 powder was 7 0  pounds per acre 
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(Central Ave 1 

Plot No 1 

Plot No 2 

Control 

PlotNo 3 ,,,,I 
Con t roi I 

Coherex No I 

Asphalt Pad 

Code 

Wernerite Mineral Sizes 
1 < a 9  
2 0059 0234 
3 0234 25 
4 > 0 2 5  

- 

1 N 

Flgure 9-1 SotCStabtlizrtion Test Plot Locations. 

Test plot number 6 surrounds J Hedlth PhvsiLs Jir uniplcr 
(number S-SI This air uniplcr has consistenth indiuted 
relativeh highcr amounts ol dlrbonlc  rJdioactivc L o n t d n i i  

ndnts &hen compared to othcr Jir wmplers located Jlonr 
the east perimeter fence Therefore, data from this air 
sampler might be used to evaluJte the cffectivcness oi 
J-197 on this test plot 

Criteria tor evaluation of edch chcmical s o i l  stabilim 
consisted of 

1 Ease of solution preparation and distribution 

2 Visual observation 

3 Depth of penetration 

4 Abdity to  prevent particle dispersion (test plots 
2 3 a n d 4 )  

5 Effectiveness on various soil types (coarse gravel 
to fine soil) 

RFP-INV-IO 

W 
(Central Ave 1 

Figure 9 2 Soil Stabilization Test Plot Locations 

h Pcrmmcnce (wcJther resistdnLr 1 

7 ELologicdl dnd desthetic considerations 

8 Elfect on established vegetation 

9 Evaluation of air sample data (test plot number 
6 only) 

Evaluation of particle dispersion prevention (criteria 
number 3 )  was conducted by using an underlay of white 
sand (test plot number 2) which could be visually observed 
Wernerite. a fluorexent mineral, was used as an underlay 
on test plot numbers 3 and 4 It was also used on the 
common edges of the intervening control plot Four 
different particle sues were used Erosion of this mineral 
was followed by observation with the aid of ultraviolet 
light 
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Evaluation of test plots nunibcr 3 and 4 lndlcdtes thdt both 
J-197 and Coherex have been lairly successful in retaining 
the f luorerent mineral The miiierdl on thesc plots WJS 

examined o n  Mdrch 30 197 I (using ultrdvioh Iiglit) 
Alter 47: niontlis 01 cxposure to the high wiiids rnd 
precipitdtioii some crosioii ot the snidllcr iiiiiicrd pJrtlclcs 
from the plot stdbilucd with J-I97 WJS cvidcnt but con- 
siderable more loss occurred on thc control plot Tdblc 0 2 
compares the iiiincril retention on these two tcst plots 
and the control plot 

Table 9 2  Wanerite Mineral Retentton On Two Stabilized Test 
Plots And A Control P l o t  (a) 

Mineral 
SIIL J I97 C uhtrL\ 1111\1 ihitilcd 
(in 1 - rest IYOI NU 1 T ~ s t  1'101 N ~ J  4 ( crntrcrl lV<rt 

< 0059 - 2 0 s  -9W' 1 I O', 

0059 - 0 2  34 -50q --ow -20'' 
0234 - 2 q  -no" -9sr -60' 

~ 2 5  95". v C' 9 5' 

(J) Thr perLLnt\ girt11 i n  Lsttni.ttr\  h.wd 1 1 1 1  \iw 11 L X  tniin.ttrcrii and 
serve o n l >  ~s I rclJr ivk guidr for cornp.tri\on c r f  J 107 ~ i i d  CtrhLre\ 

stdbiii7ing products 

Test plor nuniber 5 WJS clfcctivcly stabdilcd with 
Penepnme However JS described prcviously (SCC 

Table 9-1 ) this chcmical IS an dsphalt product and IS 

undesirable froni sevcrrl strndpoints I t  IS difficult to 
dpply, detrimental to cstablished vcgetdtion dnd hds no 
acsthctic appeal 

The airborne contamination datd obtaincd from the air 
sampler located in the Lenter of test plot nuinbcr 6 (S-8 
dir sanipler) did not show rny significant change It 
appears that the t a t  plot was not large enough to hdve an 
cffect S-8 air samplcr data from November 12, 1970, to 
the prcscnt can be reviewed in Figure 3-1 in  Scmon 3 
Visual exdmination of this plot of 5-8 air samplrng data 

tvaludtion ol J 1'1 ? Cohere\ and Peneprime as chemicdi 
stabili/ers IS SunlmJried 111 T h l c  0-3 ~ J S C ~  o n  thcsc rcsults 
J 197 Jiid Coherex wcre considered lavordbie for further 
testing 

Table 9 3 Evaluation Of Three Soil Stabilizing Chemicals 

i'rrvr IIIIOII o f  
I'irticlc 

O ~ F ~ L  rs io i i  

I f fu t ivcnt l r  
o n  various soil 
t v p t s  

Wr.ttltcr 
rcwctancc 

I.roli~prca1 and 
a+sihettc 
considerations 

I ffcct o n  
htr hi ithed 
Vcgctation 

Good on pr.m I 
and ccrp soil 

C rust IS 

friahlt \cmi 

annual appliia 
tion mJy hr 
necruary if 
long term 
stahiliratiun 
is necded 

Excellent 

No effect 

Overall Hatine. Good 

(mod on grwel 
and top toil 

Unaffected hy 
weathrr 

Good 

No effect 

Good 

Onlv feci W.IS o n  
gravel fill 
excellent 

Unaffected bb 
wedther 

Poor 

Covers vegetation 
completely 

Po01 
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In May i9’f ,mibrned cheiiiicdl and vegetative ~ C S I  

plots were esiJblished in an area JUSI east ot the asphalt 
pad The are: ,onsisted of several imhes of  gravel fill 
material To srovide a good base for vegetation an overlay 
of 3 inches 01 local top sod was added Three plots 
8100 square feet in sue  were marked off Each plot was 
cross fenlined (350 pounds/acre), cross dragged, cross 
seeded with Fairway crested wheat grass (25 pounds/acre) 
and final cross dragged 

Chemical stabdnarion was performed on two of the plots 
using solutions of Coherex and J-197 The third plot was 
used as a control plot for comparative evaluation A total 
of 2,000 &Ions of J-197 solution was applied The 
resulting concentration was 110 pounds of J-197 per acre 
The Coherex solution was applied at a rate of 5 galJon 
per square yard A total of 450 gallons of solution conss- 
trng of 1 gallon of Coherex per 4 gallons of water was used 
The control plot was treated with 2000 gallons of water 

Prelunrnary results o f  the test plots stablllzed by combined 
chemical and vegetative means are very encouraging The 
f i l  prepararmn of the plots was completed on May 4 and 
5,1971 (see Figure 9-8) In less than two weeks, seedlings 
were observed on both of the stabltlzed plots and the con- 
trol plot Smce that time, the growth of vegetation has 
been excellent Figure 9-9 shows the condition of the three 
plots one month after seedmg The grass was about 3 
inches tall on each plot with fairly uniform coverage 
Neither the Coherex nor J-197 were found to be detri 
mental to the establishment of vegetation I f  high winds 
occur, little wil erosion and subsequent loss of vegetation 
is expected trom the stablllzed plots 

The results a soil stabdization research show that both 
Coherex and J-197 can be used for chemical and/or 
combined chemical and vegetative stabilnation Coherex 
appears IO be more favorable for use on sand or gravel 
surfaces However, J-197 is believed to be somewhat 
better for stabdlzation of top soli and grassy areas Both 
chemicals can easliy be prepared and distributed on all 

tvpes of terrains WJter sprinkling trucks portable puinps 
and perhdps even aerial dpplication methods can be 
emploved 

The cost of stabilization, including materials and labor, wlll 
vary considerably depending on the area to  be treated It 
is estimated that the two products evaluated WIN be com- 
petitive in cost and wlll range from $200 to $400 per acre 

References 

1 J W Moms and W E Domnmg, Dust Palltature Teshng 
Internal Report Number CRDL 950354.1, Rocky Flats Dniaon. 
The Dow Chemical Company October 23 1970 

2 K C Dean, R Havens, and K T Huper, Chemical and Vege 
tative Stabdization of a Nevada Copper Porphyry Mill Tadin8 
USBM RI-7261. May 1969 

3 R Havens and K C Dean Chemrrol Stabiluahon of thc 
Uranium Tailings at Tuba Citr, Arizona USBM M-1288. 
August 1969 

4 Disposition and Control of Uranlum Mill Tailing Files in The 
Colorado River Baan NP 16094. USDHEW. Much. 1966 

5 Dust Control Lessons Learned DA-PAM 525-5 U S Army 
1969 Military Operations 

6 J Peters and J Sciodrone Stabilization of Sand Dunes at 
Vandcnberg A ir Force Base Jour Soil Mechanics and 
Foimdations Division Amcr SOC Civrl Engmeers. pp 97-016 
July 1964 

7 D D Hornbacher R M Saiki andC T Illslcy StatusofSoil 
Stabilizatiori Eiufuarion Proprom Internal Report Number 
PRD 940474-107 Rocky Flats Diviuon The Dow Chemical 
Company April 22 1971 

8 Unpublished work by D D Hornbacher and R M Saki 
Rocky Flats Diviuon. The Dow Chemical Company 

9 Unpublished work by D E Michels. Rocky Flats Dnluon. 
The Dow Chemical Compan) 

37 



RFP-INV- 10 

f 0 

'6 

i 
3 
Y 5 

38 



i 

I 

lb i 
39 



 
RFP-I NV- 1 0 

- 
t 

E 
e 1  
2 

6 
U .. 
0 

40 



RFP-I NV- IO 



RFP-INV-IO 

0 
i 

I 
u 

U 
? 

? 

- - 
v) - 
IL 

f 
5 
u. .. 
1* 
d, 
E a 
E 

42 



RFP-INV-I 0 

m 
d, 

43 



K FP-I bi V- 1 0 

P 
Q 

o 

t 

44 



RFP-INV- 10 

10 POSSIBLE OPTIONS FOR DISPOSITION 
OF PLUTONIUMCONTAMINATED SOIL 

When conudering the ultimate disposition 01 plutonium 
contaminixed soil. the following aLtions were evaluated 

1 Chemical recovery of plutonium from soll 

2 Chemical mining or in sim leaching 

3 Sod removal and burial at an approved site 

I Chemical recovery of plutonium from the soil would be 
an enormous task Concentrated acids at room tempera- 
ture ha\e been shown to remove between 49 and 72% 
in 1 hodr The tune can be reduced to less than one- 
half b> processing at the solution boding point This 
amount represents the plutonium held on the surface 
of the md All the plutonium can be recovered by 
complete decomposition of  the soil in an acid solution 
consstmg of I5 8 M HNO, and X 1 M HF With this 
method dissolution is completed in about one-half hour 
at the solution boiling point These recoverv rates are 
based cn laboratory studies and would nor be expected 
on a l a q e  system Much intermediate Maste would be 
generated by chemical removal processes This does not 
seem practical 

2 Chcniicdl mining qppc'- 5 10 be ref) dillicult bccdusc of 
the thin large died ana he vaning plutonium colicen 
tratioii In dddition th tvpe ol processing is not con 
sidered to be verv etric . n t  Solubilized plutonium 
could be carried into the water-sourses and eventually 
to humans This does not seem practical 

3 One possible burial location for Rocky Flats contamina- 
ted soil may be the salt mine near Lyons Kansas 
However this site will not be ready to receive contami- 
nated material untd ai  least 1975 Also, the contamma 
tion level of Rocky Flats sod IS so low that the sod 
may not be acceptable tor bur& 

Commitments have been made by Dow (Rocky Flats) and 
the AEC to the Governor o f  Colorado that we would remove 
the "'Pad" and the contammated soil it entraps This can be 
accomplished whenever an approved AEC burial site can 
receive the material The cost associated with removal is 
estunated in the next Section of this report (See Section 
1 1 ) Decision on actions on additional contaminated sod 
such as the action of plowing that was used in Spain, can- 
not be made without a better plutonium concentration- 
depth profile The mechanism of plutonium transport m 
soil should be established before actions such as plowing 
can be considered 

Soil stabilization studies were initlated and will be continued 
Data resulting from studies to this period are reported in 
Section 9 01 this report 
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11 ESTIMATE OF THE COST OF REMOVAL 
OF PLUTONIUM CONTAMINATED SOIL 

UNDER THE ASPHALT "PAD" 

2 Rcinobc 4 inclics 01 1111 dirt and 
2 i n c t i o  01 contamindied soil 
from the ~ r c 3  cdst ol the asphalt 
pdd to the securitv fence as con 
tamindtid wdste 

1 11 SO0 Cuhic Feet 

Present information docs not establish the exdct depth or 
area from which the contaniindted soli will be removed It 
is possible to  estimate unit costs of labor packdging 
materlals freight and burn1 or storage as follows 

Unit Cost pcr SSGallon Drum 

TOTAL 

33 IS00 Cubic Feet 
7 4 Cubic FeetiDrum 

47 360 Drums X $4 1 OO/Drum 

Equipment Facllities 
Labor IO Flll and Load Drums 

Packagmg Materials IO so 
$10 00 

Freight - Based on 600 Pounds 
Per Drum and Freight Rate of 
$2 l O l l 0 0  Pounds 12 60 

Bund of Storage - Based on 
7 4 Cubic Feet p e r  Drum and 
Present NRTS Charges of S I  06/ 
Cubic Foot for Storage of Trans- 
uranium Wastes 7 85 

TOTAL 54095 - $41 00 

Using this information and the following dssumptions IC 
gardins 3r53 and depth of contamination i t  is possible to 
m d i a e  the magnitude of the operation 

Case I 

1 Assume the removal of the asphalt 22O.OOO Cubic Fcet 
pad as uncontaminated waste 
Remove the IO inches of fill dirt 
and 8 mches of contaminated soil 
under the asphalt pad as con- 
taminated waste 

TOTAL 

case I1 

I Assume the removal of the 
asphalr pad as uncontaminated 
wastc Remove IO inches of 
fdl dirt and 24 inches of con- 
taminated soil under the asphalt 
pdd as contaminated waste 

7 Remove 4 inches of fill dirt and 
8 inches of  contaminated sod 
from the area east of the asphalt 
pad to the security fence as con 
taminated wastc 

TOTAL 

637 000 Cubic Feet 
7 4 Cubic Feet/Drum 

9 I ,000 Drums X $4 1 OO/Drum 

Equipment and Facilities 

33 1,500 Cubic Feet 

-47,360 Drums 

-$ I,950,000 

- 50.000 

-s2,000,000 

4 14,000 Cubic Feet 

223,000 Cubic Feet 

637,000 Cubic Feet 

-9 1 .OOO Drums 

-53.73 I ,000 

- s0,Ooo 

TOTAL -53.78 1 ,OOO 
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12 ROCKY FLATS CURRENT HEALTH 
PHYSICS ENVIRONMENTAL 

SAMPLING PLAN 

Vegetation Samples 

ON S l T t  

Vegetation samples are collected at 6-month intervals 
from 16 locations within the security fence The samples 
are currentlvlanalyzed for total U + Pu activitv (gross 
alpha) and specifically for plutonium 

Air Samples 

ON SITE 

Twelve on site Continuous air samples are collected dally 
(except weekends and holidays) and analyzed for total 
long-lived alpha activitv A n  analysis is also performed 
for beryllium 

Five weekly, 6-hour, hlgh-\olume air samples taken east of 
the 903 Area are collected and analyzed for plutonium 
content 

OFF SITE 
O F F  SITE 

Sixty-seven locations with a IO-mde radius of the plant are 
collected at 6-month intervals All vegetation samples are 
collected from public right-of-wdy dnd confined to that 
normally consumed by graLing animals The samples die 
analyzed for gross alpha and specifically for plutonium 

Water Samples 

ON SITE 

Water samples from holding ponds 1 5 and 9 (release 
points) are collected daily The samples die composited 
weekly and analyzed for uranium plutonium and 
americium 

Monthly w a ~ e r  samples from each of 14 sampling wells dre 
analyzed lor uranium dnd plutonium 

O F F  SlTt 

Thirty-se\cn samples from lakes and streams surrounding 
the plant are collected at 6-month intervals The simples 
are analyzed for gross alpha content A plutonium deter- 
mination is made if the sample activity exceeds 0 7 @/liter 
(0 7 x pCi/mi) 

Samples from four reservoirs and nine community tapwater 
supplies are collected bimonthly and analyzed for total 
uranium plus plutonium activity In addition, these 
reservoir samples are analyzed specifically for plutonium 
Samples from Great Western (Broomfield water supply) and 
Standley (Westminster water supply) Reservoirs are analyzed 
specifically for americium 

A weekly water sample collected from Walnut Creek at 
Indiana Avenue is analyzed for total uranium plus pluto- 
nium activity and specifically for plutonium and americium 

Twelve high-volume. contmuous air samples taken approxi- 
mately 2 miles from the plant boundary are collected dady 
(except weekends and holidays), c o m p u t e d  weekly, and 
analyzed specifically for plutonium content In addition, 
a 6-hour high-volume air sample is collected weekly at each 
01 Wagner site (located approxunately 2 5 miles ESE of the 
plant) and Coal Creek Cankon These alr samples are 
analyzed specifically for plutonium content 

Biweekly air samples from nine additional locations are 
analyzed for total long-lived alpha activity Samples from 
these locations are also analyzed for beryllium 

Fallout (Dustfall) Samples 

ON SITE 

Five dust fall samples are collected bimonthly from locations 
on site and downwind from the production buildings One 
site IS downwind from the 903 Area Fallout (dustfall) 
samples are analyzed speciiically for plutonium 

OFF SITE 

Twelve dustfall samplers are located off site atop the air 
sample stations The samples are collected bunonthly 

More remote samples are collected monthly from Berthoud 
and Castle Rock All dustfall samples are analyzed for 
plutonium content 

Soil Sampling 

The Rocky Flats Health Physics department maintams an 
extensive, routine sod samplmg program Sod samples are 
collected from locations both on and off the plant a t e  
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A i ~ h  sis ot s i ~ 1  winplcs is pciicrdlly contiiicd to pltrtoniuni 
Iwwcvcr J Lqubili ty  tor andlvsis ot uranium and ~ n i c r t ~ t u m  
J I S O  cxisis 
be performed bascd 011 historicdl wniplc results and/or mode 
ol contdnindi ton 

A n  analvsis tor other than plutonium wouki 

ON SITE 

903 Area 

Fortbeight samples are collected at IO-, 150-, and 
50041 distances from the nearest edge of the asphalt 
pad This area is presently being sampled four times 
per year I t  is planned to reduce this to twice per year 
in September 1971 

Other Siies Within the Security Fence 

Twentv-nine locations on alternate grid points of the 
500 ft Austin Company grid' are sampled twice per 
year and analyzed specifically for plutonium 

Samples Between the Security and Cattle Fences 

Sixtv locations (predominantly east and south of thc 
plant proper but covering all areas) are sampled 
semiannusllv 

O F F  SITL 

Grid S ~ F I D ~ C S  

Ther: J T ~  20 locations on cach of three coiiccntric circle5 
of 1 
These u n p l e s  are approximately equi-spaced dnd 3rc 
collected twice per year 

2 3nd 5 mile distanccs from the plant ccnier 

I n  order 10 intensify the soil sampling in  areas edst and 
south  of the plant boundary, 30 additional locdtions in 

these areas are sampled along public right-of way These 
sdmples are collected twice per year 

Remote Of f  Site Samples 

T w e m  soil samples from Arvada, Westminster, and 
Denver locations between Boulder and Fort Collins, 
Coal Creek Canyon, locations between Leyden and 
Golden and along 104th Avenue are sampled twice 
per year 
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Sediment Samples 

O\ SITL: 

Sediment samples from each of the holding ponds are 
collected monthly foi analysis of plutonium and ameri- 
cium This schedule wdl continue untd any problems are 
adequately defined The schedule wdi then be reduced to 
twice per year 

Sediment samples from Walnut Creek and Woman Creek 
effluent water courses are collected monthly These 
sediment samples are analyzed for plutonium and amen 
cium content 

O F F  SITE 

Sediment samples from each of four reservoirs (Great 
Western Baseline Standley and Ralston) are collected 
twice each year and analyzed for plutonium An analyss 
specifically for americium is performed on Great Western 
and Standley Reservoir sediment samples 

Chemical Contaminants 

ON SITE 

Water samples from holding ponds I ,  S and 9 are collected 
three times per week and analyzed for pH, NO;, 
F- and total solids A daily water sample from the holding 
pond 5 is compositLd and analyLed for biological oxygen 
demand (BOD) These chemical analyses assure that all 
water leaving the plant i s  in compliance with presently 
aLcepted drinhing water standards 

H Jter from the I4 sampling wells is analyzed for pH 
KO3- P04-3 F- and total solids 

OFF SITE 

Because of a recurrent problem with nitrates leaching into 
Walnut Creek from the solar evaporation ponds. a weekly 
water sample from Walnut Creek at Indiana Avenue is 
collected and analyzed for NO3- concentration Dunng 
periods of peak spring runoff, a dally water sample from 
Walnut Creek at Indiana Avenue is analyzed for NO; 
concentration 

Presently, environmental sample analysis for plu tonium and 
americium IS restricted due to the lack of adequate alpha 
pulse-height analysis mstrumentation This condition wdl 
be relieved with the purchase of additional instrumentation 
for the performance of the analyses in Fiscal Years 1972 
and 1973 
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13 CONTINUING RESEARCH SUPPORT 
AT ROCKY FLATS ON THE STUDY OF 

PLUTONIUM IN SOIL 

This study pointed out several areas where information is 
needed if reasonable decisions are t o  be made pertaming to 
problems of plutonium in sod The following activities 

funding is avadable 

I 

I 

I are being or will be pursued at Rocky Flats if sufficient 

I Samplmg and analytical techniques will be unproved 

I 2 Standard samples wdl be generated and stored for 
future use 

3 Sampling exchange programs with other laboratories 
wdl be continued 

4 Plutonium sod-depth profiles wdl be obtained 
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5 The mechanism ot plutonium transport in sod wdl be 
studied 

6 The chemical lorn of the plutonium in Rocky Flats 
sod should be identified 

7 The solubdity of the plutonium in Rocky Flats sod 
wdl be studied 

8 The particle sue  of the plutonium species and the s u e  
of aggregate particles of plutomum and sod should be 
established 

9 Emergency procedures IO “fur” plutonium in sod for 
easy removal. in event of any future accidents, wdl be 
established 

IO New and unproved air sampling systems wll be devised 
and deployed that specifically measure resuspended 
plutonium particles from Rocky Flats sod 

1 1 The significance of multiple resuspension of plutonium 
particles from Rocky Flats Sod wdl be established 
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PART I I  RECOMMENDATIONS 

1 I t  IS recommended that the AEC purchase additional 
property surrounding the Rocky Flats Plant site 

5 It is recommended that the asphalt “Pad,” whch 
is an effective seal, not be disturbed untd all 
questions of a disposal site for the contarmnated sod 
have been resolved 

6 It is recommended that specific responsibdity be 
assigned for ultlmate disposal of the sod under the 

2 I t  is recommended that areas in which the soil contains 
plutonium in excess of 350 mCi/km2 be fenced and 
restricted from grazing 

1 pad 

3 It is recommended that additional soil stabdization 

Flats plant where plutonium concentration exceeds 
350 mCi/km2 report be completed 

7 It is recommended that the diagnostic research and 
health physics support descnbed m Part I (1 3) of this 

I action be pursued on sod in and around the Rocky 

8 It is recommended that close Iuson be mamtamed mth 
other AEC and commerctal agencies or ntes u m g  pluto- 
tuum so that all new plutonium envuonmental mfor- 
mation can be shared 

4 I t  IS recommended that additional vegetative cover be 
considered for use ~fl conjunction with soil stabducrs 
in the areas east and south o f  the drum storage area 
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PART 111 APPENDICES 

Appendix A Geology of Rocky Flats Plantsite 

Appendix 8 Analysis of HASL Data 

Appendix C Soil Contamination and Asphalt Pad 

Appendix D Simplified Conversion Scale and Table for the Various Units Used in the Literature to 
Express the Levels of Plutonium Contamination in Soil 
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GEOLOGY OF ROCKY FLATS PLANTSITE 

C T Illsley, December 1970 

Ti,& h br J ~ S  Plant in Colorado IS  locatrtd on .I gently 
J 1  7 I o r  outwash plain at  the eastern edge 01 
11,'  I i I i  ,)I he Front Range of the Rock\ Mountains 
K c c h  aut- ,D> are extremely scarce in the mimediate 
vicin c i ne site and most of the geologic descriptions 
d i e  r ~ a  L~ extrapolations trom adjacent areas to the 
n o r t r r  m c  \.mtli Some information was obtained from 
surtJ-2 reLf. outLrops west of the area and subsurtace 

The surtacc soil is -omposed ot IO to 25 feet of alluvium, 
or gravel which ,onsists mostly of quartziteboulders and 
clay This surficial materlal IS underlain by 700-800 feet of 
Laramie formation according to Spencer (1961) and shown 
in Figure A 1 Earher reports indicated the presence of 
25 to 30 feet of the Arapahoe formatlon but Spencer could 
not distinguish such a lithologic break in the Laramle for- 
mation in this are2 

- - 

cond,rior 
( ~ 0 3 1  I M!- .: 15 only one hdlt mde west o! the plant 
GeGloLlL - armation was obtained trom the maps dnd 
reports re ?.red to in the list of references 

bcrc  observed in the abandoned Capitol Mine 
The Laramie formation is divisible into two parts The 
lower part about 100 feet thick is composed chiefly of 
sandstone and sandy shale interbedded with lesser amounts 

Figure A I Geologic Map of Rocky Flats Plantslta 
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ot  la\ t i r r  C I J V  shale and ~ o a l  The upper part about 
600 to 700 teet thich is composed chiefly ot clay shale and 
sand\ shale and some lenticular beds of sandstone and 
lignite 

I 

The F o x  Hdls sandstone underlies the Laramie formation 
The Fok Hills is a massive cross-bedded and ripple-marked 
sandstone that is conformable with the underlying Pierre 
shale The lower two-thuds of the Fox Hills is a fine-to- 
coarse-grained, slightly calcareous, yellow-to-greenish buff 
sandstone The upper one-third of the Fox Hills is a fine to- 
mediumprdned light-gray to light-yellow mottled cross 
bedded sandstone The thickness of the Fox Hills sandstone 
varies from 60 to 250 feet between Ralston Creek and 
Superior beneath Rocky Flats We it IS probably about 
100 feet t h c k  

I 

The underlving Pierre shale is about 8000 feet thick I t  is a 
lead-gray to brown and black shale of marine origin 
AI though generally homogeneous. the Pierre also contains 
some slitstone sdty sandstone beds of Imestone, and 
lunestone concretions 

I 

, 

In contrast to the steeply dipping rock strata west of the 
plantsite the structure beneath the plantsite IS almost level 
and rather uncomplicated A cross section drawn along 
an east-west line from Indiana Avenue to Colorado High 
way 93 and based on data (from Spencer 196 I )  of structure 
contours on the top of the Fox Hllls sandstone shows the 
generalued structure (See Figure A 2) The steeply dipping 
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Figure A 2 Geologic Croa Section of Rocky Flats Plantsiu along Line AA 

(-44' east) Fox Hllls undstone exposed on the surface one 
halt mile east of Highwav 93 is assumed to tlatten out to 
less than 5" at a point C105e to the west p t e  of the plant 
I t  is logical to assume that the overlying conformable 
Laramie formation also is relatively flat under the plant 
site The structure is significant from a hvdrology view- 
point because steeply dipping strata would tend to restnct 
the ground water to great depths below the surface and 
extending many miles east of Rocky Flats Since the 
layered rocks are actually almost level, water entenng the 
ground water system from the Rocky Flats area would be 
more Ilkely to reappear at the surface onlv a short distance 
downslope from the recharge area, such as in the dramage 
patterns of Woman Creek or Walnut Creek An lllustration 
of possible ground water movement IS shown in Figure A-3, 
a cross Section along a southwest-northeast line through 
the area Evidence for such water migration is the p n x n c e  
of several intermittently flowing sprmgs along the leadmg 
edge of the Rocky Flats pediments As mdtcated in 
Figure A-3 surface water entering the ground 111 the 
vicinity of 77 1 Building will llkely emerge to the surface 
m Walnut Creek, possibly in the Rocky Flats holdmg pond 
I f  the water were to percolate deeper, it should stdl 
reappear west of Indiana Avenue To mwate east of 
lndlana the ground water would have to penetrate more 
than 3 5 0  feet of the Laramie formation 731s would be 
unltkely because o f  the impermeable nature of the clay- 
shale strata Faulting could create passageways for down- 
ward flow of ground water, but no evidence of faultmg 
has been reported within the immedlate area of Rocky 
Flats 

Vertical scale 5/16 =400 
rlorttontrl scale 5/16"=1000' 
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Figure A 3 Cross *tion of Rocky FlW Plantsite rlo- Line BB 

References 

1 F D Spencer 1961 Bedroch Geolo~v 01 rhe Louisrillr 
Quadrangle Colorado U S Ceol Survey Gcol Quad 
U a p  GQ I 5  1 

2 R \ 3n Horn 1957 BedrocL Geologt of rhr Goldcrr Quadranpic 
Colocdo U S Geol Survci Gcol Quad MapGQ 103 

3 T S Lo\ering and t N Goddard 1950 Gcolori ondore 
D C ~ G S I I S  o/  rhr Frotir Ranpc Colorodo L S Ceol Survei 
Pro1 P 3 p r  123 

4 C R Butler 1950 Strucntre of Posr Cambnan Formations in 
the Viciniri of Coal Creek Colorado MS Theor. Unnernty Of 
Colorado 

5 0 W Hampton 1957,Srrurtural Geologv of rhe Foothills 
Repon )ram Plainrieu to Golden Colorado MS Thens, 
bnnersit\ of Colorado 

6 r T Quiett 195 I The Geologp of rhe Plainview Area 
Jefferson COUIIII Colorado MS Thesis Colorado School of 
Mines 

A-3 



ANALYSIS OF HASL DATA 
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Section 1 

LOG-NORMAL ANALYSIS OF PLUTONIUM 
DATA 

0 E Mtchels 3 

Log-normal analysis is a technique based on statistical 
consderations of how analytical values may vary from one 
another Data are plotted on probabditv paper such that 
the llneanty of the array of plotted pomts yields statistical 
conclusions This technique applies to plutonium data 
and three kinds of conclusions result ( 1) When the array of 
plotted points IS precisely linear the data are called 
homogeneous That IS, the plutonium in all samples of the 
g r o w  IS overwhelmingly from a slngle source, (2)  The 
anal\ tical value associated with the 50th percentlle of the 
data is the average value for the group, (3) The stdndard 
devntion for the group is glven by the dope of the array of 
plotted points The conclusions described above depend 
on finding straight-line plots when the data are plotted on 
probsbdity paper Since required straight lines are obtained 
onh u hen a loganthrn scale IS used for the analytical values 
(and not when a linear scale is used) the distributions are 
termed log-normal Lognormal distributions are generallv 
obt3ined for a wide varietv of trace materials studied b\ 
g ~ o ~ ~ r n i s t s  

T h i b  ,echnique was applied to data reported bt Health 
and Satety Laboratory (HASL 235) personnel since their 
33 umple  sites included some sites uhich would be ex- 
pected not to include detectable amounts of plutonium 

from Rocky Flats Thus the HASL data mvolve two kinds 
of samples one kind dominated by world-wide fallout, the 
other kind dominated by Rocky Rats  effluent The plot 
on probability paper permits a sharp distinction to be 
made between the tw.0 groups In addition, an mdependent 
estimate is obtained lor the plutonium background In 
Denver soils that is due to world-wide fallout 

Figure B-I shows the probabllity plot for the HASL d a b  
which rn Table B-1 are ranked rn order of analytical values 

The junction of the two components of the plot, a t  about 
3 0 mCi/km2, IS the natural division between the back- 
ground distnbutton of plutonium and the plutonium derived 
from Rocky Flats On the bas& of Figure B-I, the HA!% 
data are divided into two sub-groups whch are replotted 
mdependently m Figure B-2 Each subgroup glva  a 
statistically satisfactory fit to a straight lme and we therefore 
conclude that each subgroup IS homogeneous 

The higher content subgroup is clearly caused by Rocky 
Flats since the samples whlch comprise the subgroup were 
taken near and downwind of the plant Although it is 
tempting to select an “average” value for this group by 
correspondence with the 50th percentlle, that temptation 
should be resisted The anomaly has definite structural 
features which comolicate the meaning of average value 

However the loweriontent subgroup if it truly is back- 
ground should not nave a complicating structure Hence 
this lognormal anah ses yields an average value of 2 4 
mCi/km2 associated with the 50th percentlle and is a 
valid measure of the Denver background 

1rW.e E 1 Order and Percentiles for Plutonium in Soil  Samples 

Sample 

3 3  
1 6  
2 1  
2 9  
31 
10 
22 
2 6  

I 
2 5  
28  

- mCi/krn’ 

1 8  
2 0  
2 0  
2 0  
2 1  
2 2  
2 2  
2 3  
2 4  
2 4  
2 5  

Percentile Sample mCi/km’ 

3 0  
6 1  
9 1  

12 1 
I 5  2 
18 2 
21 2 
24 2 
27 3 
30 3 
33 4 

9 
2 0  
24 
21 
32 
30 
23 

2 
3 

I I  
19 

Percentile 

2 6  
2 6  
2 6  
2 7  
2 7  
2 8  
3 0  
3 1  
4 2  
5 4  
8 0  

36 4 
39 4 
4 2  S 
45 5 

s i  5 
54 s 
57 6 
60 6 
63 6 
66 7 

4a s 

Sample mCi/km’ Perccntlle I 

4 

17 
5 

14 
is  
16 
12 
1 3  

7 
8 
6 

1 1  
14 
i s  
17 
18 
19 
47 
50 

480 
630 

1950 

69 8 
72 8 
7s 8 

81 8 
84 9 
87 9 
91 0 
94 0 
97 0 

7a a 

- 
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Figure B 1 Compound Distribution Containing Samples Oomirutd Flguro 8 2 &&ground Distribution of Plutonium (lowor plot) 
Either bv Ba&ground Plutonium or By the Rocky Saparatd from tho R-y Flats anomaly 
Flats anonuly 

Table 8 2 Order and Percentiles for Subgroups 

Lower content Higher content 

Sample mCi/km’ Percentile Sample m S o h m  l’rrcentile 

33 1 8  5 3  2 3 1  6 7  
18 2 0  IO s 3 1 2  13 3 
2 1  2 0  I S  8 I I  5 4  20 0 
2 9  2 0  21 0 19 8 0  26 7 
31 2 1  26 3 4 I 1  33 3 
io  2 2  31 6 17 14 40 0 
2 2  2 2  36 8 S I S  46 7 
26 2 3  42 I 14 17 53 3 

1 2 4  4 7  4 I S  18 60 0 
2 5  2 4  52 6 16 19 66 7 
28  2 5  57 8 12 47 73 4 

9 2 6  63 I 13 50 ao o 
20 2 6  68 4 7 480 86 8 
24 2 6  73 7 8 630 93 3 
21 2 7  79  0 6 1950 - 
32 2 7  84 2 
30 2 8  a9  s 
23 3 0  94 a 

2 3 1  - 

------ 

The difference between the average value of 2 4 mCi/km* 
and the classification value of 3 0 mCi/km2 is a joint con 
sequence of both the natural variabllitv of fallout near 
Denver and the variations inherent to the sampling and 
analvtical procedures Samples indicating plutonium con- 
tents of less than 3 0 mCi/km2 contain no increment of 
plutonium from Rocky Flats In statistical terms the 
certainty is 95% since the 3 0 mCi/km2 value corresponds 
to the 95th percentlle of the background value (and to 
about the 8th percentlle of the Rocky Flats anomaly as 
plotted ) 

Section 2 

PLUTONIUM FALLOUT IN THE DENVER AREA 
Donald E Mtchels 

The log-normal analysis described UI Appenduc B-Section 1 
yielded a value for plutonium fallout m Denver Since the 
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PJIW IS IJrre conipared io VJIUCS tired b\ other ~nvestiptors 
(scc TJbk B i I the follo~rrig disLussion scems pertincni 
Two points are discussed 3s tallows 

fable B 3 Plutonium Fallout Near Denvor 

Method 

log normal plot of 19 HASL samples 

sinepe sample from Ikrbv 

Michels' 

Krey (Ir 
Hard\ 

CCI I "  single sample from Loveland 

Vrlue 

2 4 mCi/kmz 

I 4 mCi/km2 

0 19 mCi/km' (d) 

'Appendix B Section 1 

bHealth and Safety Laboratory report HASL 235 August 1 1970 

'Colorado Committee for Fnvsonmental information report on 

dBy conversion I d/m/g = 4 5 mCt/km2 

Dow Rocky Flats Eire January 13 I970  

1 Other workers have tended to be conservative and have 
chosen their background values from the lowest of their 
analytical values which involved samples remote from 
Rocky Flats This procedure both bidses the selection 
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toward low vdues and ignores whatever natural variation 
may exist in the overall background distribution 
Furthermore the analytical vanances involved are not 
well documented hence the values chosen may be low 
for reasons independent of the natural variations 

2 The plutonium background for the world is known 
mdependently from direct chemical analysls because of 
fission yield estimates maintamed by workers at 
Los Amos Their 1969 estmate of 500,OOO curies of 
plutonium is equivalent to a world-wide average value of 
I 1 mCi/km2 for a uniform distnbution Variations 
from the world-average values are expected because 
weather patterns and fission events are not distributed 
uniformiiy The magnitude of these world-scale vanations 
are documented for fission products, such as strontium-90. 
which are more commonly analyzed for than plu- 
tonium A latitudmal vanation m the 90Sr fallout is 
documented which shows m a n u m  m both hemispheres 
near latitudes of 4@50° The northern hemisphere 
maximum for "Sr is 2 34 times the world-wide average 
value Since Denver latitude is 39" N we should not be 
surpnsed to find the plutonium fallout there to be more 
than twice the world-wide average. or between 2 2 and 
2 5 mCi/krn2 
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Prcscntation at  
PKOBLEUS ANALYSIS M t t T l h G  Koch\ Flats 
TIME 00 am M3\ 25 197 I 

SOIL CONTAMJNATION AND ASPHALT PAD 

Speaker Or James R Seed 

Dr Seed has,a Ph D from Universitv ot California in 
Physical Chemistry (1964) He is tdmilnr to several 
members of the panel (H t Roser and D E Patterson) 
with whom he worked during the official investigation of 
the May 11 1969 fire at Rocky Flats Some of his early 
work while in Intelligence in the USAF involved separa 
tion and analysis of the actinide elements (primardy 
protactinium uranium and plutonium) trom United 
States and other nations' nuclear test shots Other USAF 
experience involved survellldnce work on (plu toniurn and 
uranium) weapons at Manzano Base Albuquerque, New 
Mexico His speciality tield was radiation chemistry His 

SLIDE 1 

experience and research at Rocky Flats has resulted m 
expertise in areas of survellance, product integrity, corrosion 
problems in general, plutonium ignition, and the chemistry 
and physics of plutonium that relates to  plutonium hand- 
ling and storage problems He was asslgned by the 
Operating Board of the Rocky Flats plant as chaman of 
a special committee to investigate, evaluate, and recom- 
mend action relative to the plutonium that accumulated 
in the sod from the outside "Barrel Storage Area *' 

Dr Seed is dlrector of Product Research and Development 
at the Rocky Flats Divlsion 
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A general c m n i e n t  was made that many of the problems 
thJt woula be discussed throughout the two-day meeting 
w,uuld inhorie environnlental concerns 

This slide (Slide 1 ) was a drawing ot the theme that had 
been 3doptCa by a local high school relative to environ 
n ient~ l  teaching and action programs 

It was pointed out that our plant was approximately 
10 \ears old- working in a technical field that for all 
practical purposes was only about 25 years old Our 
learning rate was approximately equal to the rate ot the 
growth ot Anowledge in this “new” field 

As we learned we obviously could look on problems 
we had faced in the past in light o f  current knowledge 
and clearh decide we could or should have acted 
difterentlb had we known what we know now 

Problems o f  plutonium contamination in soil were discussed 
in general 

SLIDE 2 

I : TriERE A7E NO STANDARDS FOR PLUTONIUM IN SOIL , 
I i 
1 

SLIDE 3 

PRIMARY GUIDELINE 
AS NEAR ZERO AS POSSIBLE 

‘MAINTAIN AN ACTUAL DOSE 

I 
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SLIDE 4 

A PROCESS OF JUDICIOUS DECISION MAKING HAS 
BEEN EMPLOYED IN THE PAST THULE ACCIDENT, 
PALOMARES ACCIDENT ETC 

- 

The various AEC sites whch might face sunilar problems, 
such as LASL, Mound, LRL NTS, BNW, Pacific Islands 
as well as the areas where accidents had occurred, Palomares, 
Spain and Thule, Greenland were alluded to 

With the growth of breeder reactors and fuels reprocessing 

plants, the problems in th area wdl continue to grow 

The problems associated with establishing plutonium sod 
standards were touched on 

I particle sue 
2 retention 
3 critical organ 
4 resuspension 

SLIDES 5 AND 6 

The accompanying table uas divided into two slides 
(5 and 6 )  

Data were presented which showed some “standards” that 
had been adopted bv other countries for plutonium m sod 
(Some liberties were taken in convertmg units to make 
cross reference between various papers a little easier ) 

Data were also presented III some “reasonable” proposed 
“standards” for the Uruted States Th~s information can 
be found in a paper presented at the Inrernutzonul Sym- 
posium on R~diolog~cai Protecnon of the Publrc in Q 

Nuclear MassDisaster. June 1968 The paper was authored 
by R L Kathren of Battelle Northwest The data relatmg 
to Criterion I of 10 C F R  140 84 (Fmancnl Requlrements 
and lndemnity Agreements) were also discussed Ths 
criterion considers surface contammation values above 
0 35 pCi/m2 (approxmately 77 dpm/cm2 or 350 mCi/km2) 
over 100 m2 of property as the minimum level of trans- 
uranic radio nuclides that would comprise a substantial 
discharge of radioactive matenal from its intended place 
of confinement 
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SLIDES 5 AND 6 

MAXIMUM PERMISSIBLE ALPHA CONTAMINATION 

rCi/m‘ mCt/km’@) d/m/gram(b) Remarks L J U -  1) 

United hJngjzm (Dunster) 0 1  I O 0  22 2 Widespread areas contaiminated mth plutonium 

United kungdom 0 1  
1 0  

100 
1000 

22 2 
222 

‘Inactive areas * 
“Actne u e a s  

Czechosiovaha 

France 

0 11 I10 24 4 Workplaces a f t u  decontamination 

0 1  
1 0  

100 
1000 

22 2 
222 

Equipment and workplaca in “inactive” areas 
Equipment and workplacr in “actne” areu 

Pdrnd 

South Africa 

0 1  
1 0  

100 
1000 

22 2 
222 

Labs restricted to  using 100 c Ci or l e u  
Labs permitted to  use mom than 100 c Ci 

0 1  
1 0  

100 
1000 

22 2 
222 

Body. paaonal clothing. m a t h  amas 
Equfpment and warkplaccr M d e  controlled areas. 

United Stater ICC 0 0 2  2 0  4 44 In tmtate  Commerce Commission @epl of Tnnrportatlon) 
pertains t o  interior of velucla prevloudy used for trmapot- 
tation of materials 

U S S R  0 01s 
0 002 
0 006 

I S  
2 
6 

3 33 
0 444 
1 3 3  

Work clothmg and sudaca  before cleaning 
H a n k  and work underclothing before cleaning 
Work Surfacer after cleanm) 

United States(:) 004 
0 4  

40 
400 

8 8  
88 

Urban suburban, recreation u e u  
Rurd truck fuming, annual food crop. p a l n g  land, 
m i l k h c d ,  etc 
Rurd deep root perennulr (e g , nuts. certain frurts) 
Remote or Controlled desert. forest, fenced or limlted 
accesl areas 

4 0  
4 0  0 

4000 
40000 

888 
8888 

“)Units used in HASL report No 235 
(b’Untrs use: by Rocky Flats in reporting roil andyur (in most c a r s  a rpecrfic granty of one (1) w u  assumed for conversion of units 
( ‘ ) R e c o n r c - f e d  at 3n Interndttonal Svmpostum on R~diolopical Protection of the Publtc In I Nuclear Mlsr Disaster (June 1968) 

SLIDE 7 
SLIDE a 

HISTORICAL SEQUENCE (continued) 

1966 
SMALL BUILDING ADDED TO FACILITATE TRANSFER 
OF CONTAMINATED OIL FROM LEAKING DRUMS TO 
NEW DRUMS 
JANUARY1967 
LAST DRUMS ADDED TO STORAGE AREA AND 
REMOVAL TO 774 BEGAN OLDEST DRUMS SHIPPED 
FIRST 
JUNE1968 
LAST DRUM SHIPPED TO BUILDING 774 FOR 
PROCESSING HIGH WINDS SPREAD SOME 
CONTAMINATION 

RADIATION MONITORING AND MAPPING OF AREA 
COMPLETED LEVELS OF 2 x lo5 d/m/gm TO OVER 
3 x 10’ d/m/gm REPORTED PENETRATION OF FROM 
1 INCH TO 8 INCHES REPORTED 

JULY 1968 

H ISTOR ICAL S E W  ENCE 

J C L Y  3958 
CRUP‘ STORAGE AREA ESTABLISHED DURING 
SUBSEOUENT YEARS DRUMS WERE CONTINUALLY 
ADD E D PRIMARILY PLUTON I UM CONTAM IN ATED 
MACHINING OILS . 1959 
FIRST DRUM LEAKAGE DISCOVERED-RUST 
IhHlEiTOR ETHANOLAMINE WAS ADDED TO DRUMS 
PRlOP TO STORAGE TO MINIMIZE CORROSION 

0 ,ANLARY1964 
FIRST EVIDENCE OF LARGE SCALE DETERIORATION 
OF CSUMS REPORTED SOIL CONTAMINATION 
REFCRTED AS INCREASING 
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SLIDE 9 

CflSTORtCAL SEQUENCE (coniinuwft I 
SEPTEMBER 1968 
PRELIMIUARY PROPOSAL FOR CONTAINMENT 
COVER PREPARED BY ROCKY FLATS FACILITIES 
ENGINEERING 

JULY 1969 
FIRST COAT OF FILL MATERIAL APPLIED 

I AUGUST1969 
FILL WORK COMPLETED PAVING CONTRACT LET 

SEPTEMBER 1969 
OVERLAY MATERIAL SOIL STERILANT AND ASPHALT 
PRIME COAT COMPLETED 

NOVEMBER 1969 
ASPHALT CONTAINMENT COVER COMPLETED- 
INCLUDING FOUR SAMPLING WELLS 

These three dides detailed the significant information rela 
tive to the de\elopment of the problem and also action 
taken up to the completion ol the asphalt pad 

The items o r  the slides were discussed pointing out that 
throughout this entire period development work was con 
ducted on J process to treat (dispose reclaim etc ) the 
contaminateJ oils An initial process was developed in 

December o 1959 bur equipment and funding problems 
d r h e d  ihe v t i a l  ies1 runs unt i l  M a \  of 1960 Further 
.orrosIon or squipmert problems (hvdrolvsis m d  radiolvsis 
OI the CCI, 3 HCI) dchied the process until Dccember 
1961 This : raess and project of treating the contanii 
w e d  oils u A induded in the project Additional Processing 
F.iciliiies C ~ n t r a ~ t  AT(29-2) 1298' which was an expansion 
01 the plutowum chemical operations Later funding 
difficulties resulted in deletion of this portion of the project 
Actual processing of the oil commenced in January of 
1967 At this time the field contained about 5 240 drums I 
In the discussion with the AEC participants of the meeting, 
the action taken to  minimize drum corrosion was covered 
and the effort made to transfer oil from the older to newer 
drums was also discussed 

SLIDE 10 

A drawing of the actual area o f  the pad and additional base 
fill was presented and discussed (Slide 10) 
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SLIDE 10 

ASPHALT COVER AREA 

I 

I 

SLIDE 11 

A photograph of the pad area was presented (Not 
included in text ) 

SLIDE 12 

A slide which consisted of colored "contours" depicting 
plutonium in the surface soil around Rocky Flats was 
presented These data were generated by uslng sod 
analysis from 

1 Rocky Flats Health Physics Department 

2 The Health and Safety Laboratories (HASL) 

3 The Colorado Committee on Envrronmental 
information (CCEI-Martell) 

This work had been completed November 16,1970 

The model for the "contours" had been constructed from 
135 sod sample analyses 

1 Ninety-nine samples taken on AEC property 
and on public and pnvate property by the 
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I Scrvicc Keport 482 ' 0  2 November 16 1970 

2 Service Report 482 '14 April 26 197 1 
2 Eighteen samplcs tdcn by HATL 1 1 1  

kcbntan oj 1970 

3 Eighteen samples taken by CCtl  in 
August of I Y 6 Y  

SLIDE 13 . 
, This slide consisted of another set 01 'contours" lor 

plutonium and incorporated into the model Thirtyeight 
additional wil samples taken during Deceinbcr I970 
(approximately 4 to 6 months after the initirl Rocky Fiats 

I plutonium wil Jnalysis) This new set 01 ' contours which 
was based on a total of I73 wil analyses showed vcrv little 
change from the previous slidc 

I Additional soil wrnple anrlyscs showed that thc lcvcl ot 
plutonium rontamination IS mJ1 inrreasirig 

The total integrated quantity of plutoniuni (uung siiiiplc 

estunated to be 14 3 grains over the 8 35 kiii' ( 2  063 acres) 
covered by the orange ( IO00 -. 2OOO mCi/kin2 ) ycllow 

cwntour lines (Slide 13 )* 

I 
integral caldus on the equat ions of the niorlcl) WJS 

green bluc purple brown dnd gray (I 3 4 20 mCi/km' ) I 
I 

There are approxiinrtely 6 7 g r a m  ovcr 2 72 hni: 
(672 auesl of land insidc the boundary below the 
2OOo mCI!Lni2 wntour 

Therc are 
the boundarv down to the 13 mCi/km2 contour 

b grains ovcr 5 63 km' ( I 393 acres) uutsidc 

The dctdiis and the assumptions that wcre mrde in Lon- 
structing these models can be seen rn 1ntern.d Rocky FIJIS 
Reports  

*In this report Slide I3 IC reproduced in hlack and whltr tnnes 

only 

Copies of the latest report habe been trdnsmitted by the 
Rocky Flats Plant Manager through the local AEC area 
office to H E Roser Assistant Director, Division of 
Military Application and J F Burke Assistant Manager 
for Operations Albuquerque 

SLJDE 14 

This slide consisted of a table which gave the integrated 
quantities and land area included in each contour 

AVERAGE 
ACTIVITY PU - 239 d l d g  AREA 
IN mCt/km' IN GRAMS DRY SOIL IN km' - CONTOUR 

ORANGE 2000 loo0 029*002 198 002 
YELLOW lo00 400 135fO09 131 013 
GREEN 400 350 032*003 87 005 
BLUE 350 100 310k054 40 1 0 6  
PURPLE 100 50 126k046 16 1 0 9  
BROWN 50 20 104f059 7 1.98 
GREY 20 13 Q34f0.22 4 1 3 6  
BEYONOGREY 13 1 - C.2" QD 

ASSUMING A DENSITY OF DRY SOIL OF 1 GMICM' AND 

TOTAL 76220 

A SOIL SAMPLE DEPTH OF 1 CM 

* *  BACKGROUND PLUTONIUM ACTIVITY 

SLIDE 15 

This was a photograph of the area of the plant site involved 
in this discussion and introduced the pdrticipants of the 
meeting to the area they would physically tour later m 
the morning (Not included in text ) 
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SIMPLIFIED CONVERSION SCALE AND TABLE FOR THE VARIOUS UNITS USED IN THE 
LITERATURE TO EXPRESS THE LEVELS O F  PLUTONIUM 

CONTAMINATION IN SOIL 

r 

c 

c 
m -  
'= 
0 
a 

1 

b 

i 
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fabk D 1  Simplrfd Conrmon Tablo for tho Vat-1~8 Unrtr 
U d  in tho l.it.nturo to Ex- tho L d i  of mu- 
tonam Contrmicutcon in Soil 

Pu Actwityo dlmlr 
in mCi/km' rCi/m' d/m/100 cm' ** Dry Soil*** pCi/gf 

2000 2 0  
lo00 1 0  
400 40x10 '  
350 3 5x 10 
100 1 O X l O i  
50 50x10'  
20 2 ox lo-' 
13 I 3x IO" 

I I ox IO-' 

4 4x 10. 
2 2x10' 
89x10' 
7 OX 10' 
2 2x 10' 
1 1x10' 
4 4x 10' 
2 9x to' 
2 22x 10' 

4 4X 10' 2 OX 10' 

8 9X 10' 4 OXlO '  
7 8X 10' 3 SX10' 

2 2x10' 10x10' 

2 2x10' 10x10' 
1 1X1O1 5 0 
4 4  2 0  
2 9  1 3  
0 222 1 ox lo-' 
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*The values are based upon a toll denaity of I g/cm3 at i depth 
of I centimeter 

d/m/cm' assuming a roil density of 1 g/cm' at a depth of 1 
centimeter 

**The values are based on the relation 1 d/m/g dry soil = 

***The units in which the results of sod sample analyses are reported 

$The values are based on the relation 1 pCi/g g 2 2 d/m/g dry sod 

Note The actwit) in mCi/km' wll simply be increased by a factor 
equal to the depth of the nmple. e g 4 centmeters deep 
wdl give 4 tames the activity ssuming a uniform distnbution 
of activity u a function of depth 
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November 9 I970 
, 

L M Joshel 

THE DOW C H E M  

TRIP REPORT NEVADA OPERATIONS OFFICE 

NOVEMBER 2 AND 3 1970 
I (PLUTONIUM IN SOIL PROBLEMS) 

I I 

11 

USAEC 

Arthur J Whitman 
Donald W HendriLbs 
Ross L hinnaman 
PaulJ Mudr.i 

USPHS - SWRHL 

Me1 W Carter 
Jim Mullins 

Les Dunn 

REECO (Test Site) 

Arden E Bicker 
Derek Engstrom 
Leonard Sygitowicz 
Terry Rov 

Topics Covered 

TRIP REPORT 

J R Seed 

Radiologicd Sdfety Branch 
Radiological Safety Branch 
Etfects Evaluation Office 
Operations Division 

Laboratory Director 
Depun Chiel Analyticdl 

t m  ~ronrnental S u r v a  
Division 

En\ironnient31 Services 
Chemistry Laboratory 
Chemistry Ldboratory 
Site Survey 

A Extent of Test Site Plutoniuni in Soil Problems 
'On Site *' (REECO + NVO) 

B Extent of Plutonium in Soil Problem "Off Site ' 

(NVO + USPHS - SWRHL) 

C Sod Analysis and Sampling Problems 
(REECO + USPHS - SWRHL) 

A C R I M C  COMTRACTOI FOR T W E  u s  n r o w i c  

D 

E 
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ICAL COMPANY 

ROCKY FLATS OlVlSlON 
P 0 BOX 888  

OOLOEN COLORAOO 80401 

Sod Stabdltation Actwities 
(REECO 1 

The Formation of a 'Nevada Applied Ecology 
Group" - Subcommittee on Plutonium 

Chairman Wnght Langhm (LASL) 

Members Chet Richmond (LASL) 
W J Bair (BNWL) 
J L Olson(LRL) 
Evan M Romney (UCLA) 
J U Healy(LASL) 
Otto G Raabe (Lovelace) 

111 REECO Discussions 

A Plutonium in sods analysls IS being done by normal 
rtdiochemtcal procedures (2 per day at S65 each) 
and rapid liquid scintdlation method (SO per day 
at 5 IO each) Mr Sygtowicz wdl send us a COPY 
of the procedures used for the latter 

B REECO at Mercuvt has a very modern well equipped 
and adequately stat ted radiochemlstry laboratory 

C REECO uses unique electrodeposition cells, m- 
expensive and dtsposable 

D REECO is evaluating chemical soli stabliners as 
follows 

(1 ) PETROSET (Phdlips 66) applied UI 1 5 and 
1 10 dllutions Their contact at Phdlips IS 

Richard Bennett in Bartiesvdle 

(2) DCA-70 (Union Carblde - $1 7S/gaUon) 
Applied in 1 40 water dllution Source IS 

Tarrytown Technical Center, Saw Md kvor  
Road at Route IOOC, Tarrytown, New York 
10591 

E N L I G I  C O M M I S S I O N  C O M T I A C T  A T {  8.-I ) -* IO*  
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(3) YORLIG A 11 ( Aillericdn CJII Conipmv) 4-cenis 
per pound lor powder and 2S ccnts per g A o n  
l o r  5 f f r  liquid Contact is in  Greciiwich 
Connecticut dnd rndtcrid is shipped trom 
Green Bdy Wisconsin 

(4) Thcy have decided to evaluate the Dowcll 
products we are also considering 

E REECO expressed interest in an information ex- 
change meeting and soil sample exchange programs 

IV PHS - SWRHL Discussions 

A Plutonium in soil analysis by standard radio- 
chemical procedures at rate of 2 per day from I gram 
samples for S50 - $75 per sample 

B S K R H L  has modern well equipped (AEC supplied) 
and adequately staffed laboratory 

C SWRHLplans to collaborate with Claude Sdl at 
NRTS (IDO) in preparation and dlstribution of 
“standard plutonium in sod sample exchrnge 
They hope Rocky Flats will be involved 

D SWRHL would like to send Rocky Flats cuts from 
soil samples collected at off-site locations around 
hTS They also expressed interest in 3n information 
exchange meeting on these problems 

V W O  Discussions 

The people from the area office wcrc vcry helpful 
The\ supplied us with large quantities ot reading 
m a t e d  on the topic much o f  which is not generally 
avaihblc Some more detailed reports on “Roller 
Coaster” and some unpublished follow-up work was 
verv valuable Staff reports on Bikini Atoll relating 
to rehabitation and plutonium levels in soil were 
useful One tsland which will not be rehabitated 
because of plutonium in sod (83- 410 pCilgm) is 
Eneman Island Land that is contaminated with 
levels simllar to that found around Rockv Flats IS 

considered safe for rehabitation The deepest pene- 
tration of plutonium in sod in the Blkini Islands 
(where the humidity is very high) was found to be 
9 inches 

A senes of assumptions with regard to plutonium in 
sod o n  the Islands can be related to Rocky Flats 

Assume an activity of 1 pCi/gm Assume all 
activity is on the surface Assume all particles 

VI 

one micron in diameter (Actuallv for effective 
inhalation particles should be 1 to 10 microns - 
project Roller Coaster showed 85% of particles 
to be greater than IO microns ) 

Assume all particles are available for resuspension 
i?iituillv Assume for resuspension factor 

Conclusion - Conservatively total lifetune dose due 
to this plutonium m soil wdl be less than 70 
mdhrads. a safe level 

Project 57 in Nevada showed that the effective half llfe 
of high levels of plutonium m sod (based on resus- 
pension data) was as short as 35 days Later studies 
on lower levels gwe much longer (unavadabfe) half 
lives 

Some significant notes taken from the report by the 
Nevada Applied Ecology Group Steenng Committee 

1 Any extensive “cleanup“ of plutonium con- 
taminated area should not be initlated untd 
extent, health unplications and radioecologd 
ngnificance has been evaluated 

2 Thls project should have very high pnority 
“It is imperutcve that the program proceed 
wthout rnterruption ’* The program referred to 
is the total evaluation. especially sod sampling 
coupled wth a Fidler mstrument (Gamma) type 
survey 

3 Physical and chemical characteristics of plu- 
tonium in the environment must be studied, 
par ticularlv 

(a) distribution within sod components, 
(b) 

(c) solubdity vanabies 

radioactivity as a function of particle 
sue, 

Some Additional Reports were of interest 

1 “Radiochemical Procedures For The D e t e m m t i o n  
of Plutonium m Environmental Samples,” Apnl 1970, 
Danish AEC Research Establishment, Health 
Physics Department, Rlsoe, by Ertk Kjaer Markussen 

2 “Radiation Charactenstics of Plutonium 238,” 
LASL-3696, October 11, 1967, George M Mattack 
and Charles F Metz 

3 “Documentation of Alpha Contammation a t  the 
Nevada Test Site,” Apnl 196 1, unpublished mternal 
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report from REECO t o  AEC datd ctrnipiled by 
B L Brown J L Gdrdner h H Guinn 
C H Johnston and R J Scanlon. edited by 
F W Wdcox 

Report presents good summary of 2 year historj 
(1959 and 1960) at four alphacontaminated sites 
Data show some alpha particle penetration down 
to 17” inches and only slight resuspension none 
to create ‘significant inhalation health hazards ’’ 

4 NVO- 162-28, “Radiological Conditions at Project 
Roller Coaster 1966. by the staff of Environmental 
Surveillance Group REECO. January 1967 

Conclusions reached were 

(a) “Contammation at the sites of Clean Slates 
1.2 and 3 as well as Double Track is well 
fixed The ground average reading. for the 
most part is 100 clm over background ” 

(b) “It is reasonable to assume that the material 
has not been resuspended and redistributed 
On this basis, there does not appear to be any 
health hazard to the civdian population Irving 
in the regon at this tune * 

(c) “It 1s strongly recommended, however, that 
the highly contaminated debris exposed by 
erosion be reburied or otherwise fixed in 
situ ’ We now have a copy at Rocky Flats 

5 “Alpha Decontamination Proposal - Nevada Test 
Site and Tonopah Test Range. unpublished copv of 
a proposal from REECO to NVO-AkC 

Proposal discusses study of plutonium contaminated 
sods at hTS and Tonopah and tesling of soil 
stablluation techniques Suggested materials are 
DCA-70 and Norlig A The former is a polymer 
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works on the acidic fraction of soils, and applica 
tion might cost 8 - I 2  cents per square yard The 
latter IS a calcium liqnosulfate costing about 
4 - h cents per square yard to apply Total costs 
are estimated 31 S335 per acre The data in this 
proposal were obtained from a U S Bureau of 
Mines report on work performed on uranium ore 
taliings at Tuba City, Arlzona Actual development 
work by REECO at NTS IS only just begnning 
wlth evaluation of several potentia! stabiluer 
chemicals 

6 BNWL- 122 1, “Plutonium fnhalatlon Studies,” 
W J Bair, February 1970 A series of lectures 
p e n  m Japan In 1969 (Rocky Flats Library has a 
COPY) 

7 USBMRI-7288, “Chemical Stablluation o f  Uranium 
Tailmg at Tuba City. Amona,” hchard Havens 
and Karl Dean, August 1969 (Rocky Flats Lclbrary 
wdl order a copy ) 

8 DA-PAM 525-5, U S Army 1969 Military Opera- 
tions, “Dust Control - Lessons Learned,” no authors 
listed (Rocky Flats Library wdl order a copy ) 

J R Seed 
Product R & D 
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J B Owen 
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